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PREFACE. 


This book has keen prepared with the object of providing . 
a clear and adequate account of the elements of systematic 
chemistry and of the fundamental chemical laws, together 
with a good supply of experimental illustrations which the 
•tudent can work through in the laboratory. Without a , 
•suitable laboratory course dealing especially with the 
fundamentals of the subject the student learns nothing 
of >any * value ; and, on the other hand, without a proper 
text-book account of systematic chemistry the student’s 
knowledge is necessarily vague, indefinite, and disjointed. 

The book is divided into four sections. Section I. is an 

Introductory Course of the approved type, based on a 
• $ . » 

series of experiments by which the fundamental principles 
of the science aro established in' their proper sequence. 
SpeciaHjare has been devoted to the treatment of the Laws 
of Constant and Multiple Proportions, Chemical Equiva- 
lents, Avogadro’js Hypothesis, and the meaning and use of 
Chemical Formulae and Equations. , 

Sections II. and III. contain a systematic treatment 
of tiie non-metals and of most of the commoner metals, 
illustrated by numerous experiments ; Section III. also in- * 
eludes chapters on Molecular and Atomic Weight Deter- 
mination, the Phenomena pf Electrolysis, and the Modes 
of Formation of Salts. * 
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PREFACE. 


Section IV. consists of a chapter on Chemical Calcula- 
tions with full discussion of the principles and methods 
involved. 

^This book has been prepared by Mr. H. W. Bausor, M*A. f 
and is based on the well-known Tutorial Chemistry by 
Dr. G. II. Bailey. The alterations have, however, been 
very extensive both as regards contents and methods of 
treatment so that this work is essentially a new book. 


NOTE TO THE SECOND EDITION. 

« 


In this edition a few notes on copper hav« been inserted 
as an Appendix. Otherwise no alteration of importance 
ha$ been made. 
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Section I.— INTRODUCTORY. 


CHAPTER *1. 

« 

PHYSICAL "AND CHEMICAL CHANGES. 

T. Tlte Method of Scientific Inquiry.— I^et a person 
unacquainted with the aims and the Conduct o£ scientific 
inquiry examine some material object, sary %. mineral* a 
jfiece of rock, or a pebble from the sea-shore, an<| let him 
then detail thp points of interest which occur to him as 
thejresult of his examination. He may be struck ;by its 
form,, its coloufr, its hardness, the nature of its surface, 
or he may be disposed to ask whence it came and how. 

In what respects do his questionings differ from thpse 
of one trained in the methods of scientific investigation ] 
In this, that the scientist accustomed to grouping his 
observations, he is trained by experience textile recognition 
of likenesses and f unli ken esses in such bodies so as to reject 
the trivial details, and hold firmly to the essential and 
characteristic ones. 

Investigation by a process of comparison and classifica- 
tion, however, opens up such a wide field, that it becomes 
necessary to proceed step by step, and press the inquiry 
along well-defined lines, each with a distinct purpose. 

The geologist, desirous of determining the history of the 
strata, will devote himself to the observation of existing 
strata, their essential and prevailing characters, their 

T. OHBlf. I. * # R 
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origin and mode of formation. The biologist, on the other 
hand, studies the structure of living organisms, classifying 
them according to their forms and functions, and tracing 
historically the occurrence and evolution of the different 
types. The physicist interests himself with the phenomena 
associated with matter, whilst the chemist deals with 
matter itself and its identification. 

Now to all these, such objects as we have mentioned in 
' the opening paragraph will appeal in a variety of Ways. A 
piece of chalk, limestone, or marble are very different 
objects to the geologist, but may be much the same thing 
to the chemist if lie finds them to be composed of the 
same kind of matter. A piece of glass rubbed briskly 
with silk becomes capable of attracting small light bodies ; 
this observation is of little direct importance to the chemist 
if he finds that the substance of the glass has not changed 
or its mass become greater, though to the physicist sucli an 
observation may be of great significance. A piece of iron, 
so far as the chemist is concerned, retains its identity as 
irdn whethenit be in the form of a solid bar, the finest wire, 
or an impalpable powder ; it may grow warmer and expaiM 
or by cooling contract ; it may be endowed with the property 
of attracting other particles of iron or not, and yet its 
composition and mass may remain unchan g«*d. So long as 
any modification of aspect or behaviour is such as experi- 
ence has taught him belong to matter which* he identifies 
as iron he maintains that no alteration in substrnce has 
tak^n place. # 

To' sum up, <we may say that the method of scientific 
inquiry as applied to Chemistry consists in experiment, 
observation and inference. 

2. Transmutation of, Metals. — The earlier chemists 
believed that they could change the baser metals into noble 
metals, quicksilver into gold or load into silyer, and 
most of their researches wore pursued with this object in 
view. The more searching methods of inquiry adopted in 
later times have, however, shown that their conclusions 
were fallacious. 
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So also, even to the time of Lavoisier, towards the close 
of the eighteenth century, chemists failed to realise what 
takes place, when iron rusts or metals burn, although an 
actual change of substance has taken place, and matter is 
indeed added to the metals during the process. . 

These misunderstandings arose from two main sources** 

(1) Failure to appreciate the essential and characteristic 
properties of the substance under consideration. 

(2) Failure to test whether any apparent alteration of* 
substance had been accompanied by increment or loss of 
substance during the experiment. 

At each step the balance must be called upon to say 
whether any increment or loss of substance has taken 
place, and if so the source of this change in mass must be ' 
•traced. < 

All conclusions, and especially those which form the 
foundation of further investigation, require to be fully and 
critically examined in order to see tfyat the deductions 
drawn are justified by the facts. • • 

' • * 

• 3. The Field of Inquiry for the Chemist. — The aim of 
the cheinist is, then to investigate matter with a view to 
recognising and classifying the essential characters of each 
kind .of inatteP, and to follow the changes which ensue 
whenever those changes involve a redistribution of matter.'* 

Let us then follow the course of investigation by experi- 
ment, which will enable us to see how the information we 
require is to be obtained, $nd what deductions may bee 
fairly made from the observations. # 

Exp. 1. An apparent transmttation of iron into copper.— Into a 
solution of u blue vitriol ” dip the bright blade of a penknife. After a 
short time remove the knife. Observe that the part of the blade which 
was immersed in the liquid %as acquired .the appearance of copper. 

Apparently the iron of which the blade is composed has 
been changed into oopper, and if you were to leave the 
investigation at this stage you might conclude that you had 

* Whether in the operations which he performs matter may be 
created or destroyed must for the present remain untouched. An 
appeal to his later observations must docide Jhis. 
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succeeded in bringing about a transmutation of iron into 
copper. Not until you have carried out an exhaustive 
inquiry, and performed a series of somewhat complex 
experiments will you be in a position to decide what is 
the nature of the change you have observed. And, this 
}&u are not in a position to undertake at present. 

4. The Nature of Physical and Chemical Change.— At 
-t he outset of any inquiry relating to the science of chemistry 
it is necessary to acquire clear ideas as to the nature of 
chemical change and the distinction between this and 
physical change, and we shall find tfyat in such an inquiry 
the use of the balance is indispensable. 

Exp. 2. — Take the following objects : — 

1. A small test-tube. 

2. A porcelain crucible. 

3. A few inches of platinum wire. ^ 

Weigh each of there carefully (seeing that they are quite dry and 
clean), and^nter the wdlghAs in the column provided below, and also 
any notes desc^ptwre of the objects. Now heat them for some minutes 
in the non-luminous flame of a Bunsen burner ; observe the,alteratio«s 
which ensue during the heating, «. g . change of colour, softening, and 
enter these observations also in the table. In heating a crucible it will 
be desirable to support it on a pipe-clay triangle as shown in Fig. 1. 

Allow the objects to cool, and see how far they rcfcume their original 
character. Weigh them when quite cold, and enter the»» rosults 
alongside the others. 


t- Weight. 

Description as to Colour, Texture, etc. 

Before Heating. 

T 

After cooling. 

Before Seating. 

During Heating. ’After Cooling. 

* 

| 

if' 

~i 
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Exp. 3. — Now perforin similar experiments with the following 
bodies, and make observations upon them in the same way, entering 
all your observations in tabular form : — 

4. A fragment of sulphur in a test-tube. 

6. A fragment of wax in a test-tube. 

6. *A few crystals of iodine in a test-tube. ^ 

Carefully observe and note down any changes during the application 
of the heat, and alse what takes place during the' 
period of cooling. A pocket lens will be of assist- 
ance to yotf in some of your observations. 

Do not press the heating so strongly as to drive 
vapours out of the mouth of the tube. [Find 
out, however, in the last example how it would 
affect the records you htwe made if you do so 
drive off vapours.] 

Exp. 4. — Heat for at least fifteen minufes in 
toqall porcelain crucibles, and record your 
observations in the same- way : 

7. Some small pieces of magnesium foil (with 

cfucible cover loosely on). 

8. Some small pieces of tin (without cover).* * 

9. ,, „ wood (without chver). 

* Having now before you the records of all your observa- 
tions arranged^ in an orderly manner, you will notidfe tbat in 
the examples given you may collect theip, i. «. generalise 
them f under the following heads : 

(a) Those cases (1-6) in which there is no substantial * 
alteration of weight, and in which, though whilst the heat 
was being applied changes of colour, etc., may have befen 
evident, yet on cooling, the gubstance had, so far as we # can 
judge, returned to its original form and character. 

While hot the, test-tube softened, became out of shape, 
and gradually acquired a red colour, the porcelain crucible 
became red-hot, and the platinum wire white-hot and softer 
so that it could be more easily 9 drawn asunder ; but all 
three objects regained their original appearance on cooling, 
though £he test-tube remained out of shape. 

Again the sulphur and wax melted on heating but 

* It will be useful to consider how very small variations having no 
partioular bearing on the inquiry may occur, and how precautions 
might be taken to eliminate them. 
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solidified on cooling, and then exactly resembled other 
fragments of the original substances ; the iodine volatilised 
without melting, forming violet vapours, but when the test- 
tube was allowed to cool these vapours condensed on the 
aides of the tube in the form of blue-black crystals exactly 
like those originally taken.* 

(A) Those cases (7-9) in which alteration of weight (gain 
or loss) has taken place, and in which it will be observed 
that a distinct change in character and properties has been 
brought about. 

Thus the magnesium was converted into a very light 
fluffy white powder and the tin into a white powder, t in 
both cases with gain in weight, whilst the wood gradually 
burned away with lo& of weight. 

We thus recognise a striking difference in behaviou'r 
under the action of heafc. Later on we shall examine 
more closely into the remarkable fact that substances 
often gain in weight under the action ef heat, for it was 
this which led the earlier inquirers to the conclusion that 
heat was a ]$on8erable substance, and that the increase jji 
weight was due to the addition of matter which they called 
“caloric ” to the body which was exposed to it. 

For the present, however, let us confine our attention to 
the cases under Exps. 2 and 3 , in which no alteration of 
weight has been found to take place and no permanent 
alteration of properties. 

Many familiar examples of this class of phenomena will 
readily occur to you. Water is well known by its appear- 
ance and character, and is presented to us commonly as 
rain, or collected in rivers and*in the sea.* In the depth of 
winter, however, we see it become transformed into solid 
ice or snow, and later changing on ae more into water. The 
inhabitant of the Arctic regions is more familiar with it 
as ice, and the liquid water is to him a rarity. In tropical 
regions the reverse is the case, ice or snow being seldom 
seen. Yet we can readily satisfy ourselves with the aid 

* This phenomenon (of volatilising without melting) exhibited by 
iodine on heating ia called sublimation. 

f Reserve these $ow*ders for a later experiments 
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of the balance, that ice passes into water or water into 
ice without change in weight or substance. And, similarly, 
we may examine the relation between steam or water 
vapour and water itself. 

In the solid form it is ice or snow, in the liquid form it 
is water, in the gaseous form it is steam or vapour. r Jbe 
matter is the same, the form of its occurrence is different. 
That matter may exist in solid, liquid or gaseous forms and 
yet be id substance the same is not the exception but the 
rule. The difference of character is a difference of physical 
state . * 

Whether the substance is present to us as ice, or water, 
or vapour, depends on the physical conditions which prevail, 
and we realise by ordinary experience that temperature is* 
• the controlling factor. Yet ice may be transformed into 
water by pressure alone, or by sprinkling it with common 
salt. 

• 

Exp. 5 . — Make asnixturo of throe parts by weight of snow or crushed 
ice and one part by weight of common sak. TStir it well together until 
the ice or snow is nearly all melted. Now dip ixtogthe mixture the 
%ulb of a- thermometer, and note how the quicksilver shrinks (record 
the lowest reading of the thermometer). • 

Transfer the thermometer to hot water and see how the quicksilver 
increases in volume, occupying a greater space than 
it did before. * Weigh the (dried) thermometer 
before and after one of these operations, and show 
that there is no change in the mass of the glass 
(which also contracts and expands) and quicksilver 
of whieff the thermometer is made. 

Exp. 6. — Fit a small dry ffhsk with an india- 
rubber cork and glass tube of the form shown dn 
Fig. 2, and let it ddp into a vessel containing liquid. 

Now place the flask in the mixture of ice and salt 
and afterwards in hot water, and note how the air in 
the flask contracts or expahds just as the quicksilver 
did, but in greater degree. • 

Sunpnarising the results which these and similar observa- # 
tions bring home to us we find : — 

(1) That matter may change in form (expand or con- 
tract), it may change in state (gaseous, liquid, solid), it may 
change in character (an impalpable powder, & crystalline 
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solid), or it may become softer or more brittle, porous or 
more dense, without any alteration of mass or variation of 
substance. 

Such temporary modifications of character are classed as 
physical changes. 

£#) That matter may undergo modifications in the 
properties which it exhibits in response to the communi- 
cation from without of heat, light, electricity, which are 
capable of being stored up by it, but which are imponder- 
able, and therefore likewise bring about no alteration of 
mass. 

Such properties are termed physical^ properties . 

On the other hand the permanent modifications of char- 
acter which matter undergoes when its mass is altered (as 
in Exp. 4) are classed as chemical changes , and those, 
properties of matter which it exhibits when it undergoes 
chemical change are termed chemical properties . 


^QUESTIONS.— CHAPTER L 

1. Briefly^ explain what you understand to be the method of 

scientific inquiry. 

2. To what chief causes were the mistakes of the .early 

chemists duo? 

3. What do you consider to be the field of inquiry for the 

chemist ? 

<i. Describe an experiment illustrating the apparent trans- 
mutation o £ one metal into another. 

5. Explain the difference between a physical and a chemical 
change. 



CHAPTER II. 

THE NATURE AND ACTION OF AIR. 

5. Operations of Weighing.— Effect of Moisture. — Now* 
fc let us make further inquiry into the results comprised under 
Exp. 4 in the previous chapter, with the view especially of 
learning the significance of the changes in mass which have 
there lasen recorded. # 

The operations of weighing mu$t &ow be performed in 
such a manner as to secure accuracy, 
and exclude the complications arising 
from causes really external to the ex- 
periment. Vessels, and especially finely- 
di\ttded substances, if left about, take 
up moisture from the surrounding air, 
and become heavier, sometimes in a 
mark ed* degree. We shall simplify our 
labours if we proceed in sujh a manner 
as to prevent this occurring. 

This we can dp by keep^pg the air of 
the balance case as dry as possible, and 
by providing a dry air ch$txpber in which to keep the 
vessel and substance while it fe ^poling, for it must never 
be weighed until it is quite cold. The piece of apparatus 
shown in Fig. 3 is termed a desiccator . 

It is divided into two compartments communicating with 
one another. A circular piece of wire gauze is placed at 
the bottom of the upper compartment, and on this stands a 
pipe-clay triangle with the wires bent down to form legs ; 

0 • # 
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crucibles, etc., can be supported on the triangle while 
cooling. The lower compartment contains calcium chloride, 
by means of which the air in the desiccator is kept dry.* 

Exp. 7. — Take a small porcelain crucible and half fill it with finely 
powdered sand or dried soil. Heat it over the Bunsen burner for say 
nffleen minutes, till it is red-hot throughout. Now remove it at once, 
while still hot, to the desiccator, and allow it to cool. Weigh it as 
quickly as possible. Leave it in the air of the room for a day, and then 
weigh it again. Note the increase in weight. • 

# We shall henceforward take it for granted that where- 
ever accuracy is desired such precautions will be adopted in 
order to exclude moisture. • 

6. Effect of the Presence of Air. — 

Exp. 8 . — Introduce a small piece of lead iuto a porcelain crucible 
and weigh the whole. Heat over the flame- of a Bunsen burner, and 
from time to time incline the crucible, turning it round so as to expose 
the bright surface- of the metal. Continue tTic heating unt^ there is 
no longer any bright metal to be seen, but in pla*e of it a yellow sub- 
stance, readuy crushed* and powdered. Cool and weigh. You will 
nolfe that ther%is%an increase in weight. 

Exp. 9.— Introduce lead into a crucible as before, and then fill up 
with clean white sand f ; weigh ; heat as before without disturbing the 
crucible or the sand overlying the lead. Aftor say half an hour allow 
it to cool, and weigh. Note that there is no change in weight. Now 
throw out the sand and examine the lead at the bottom of the cfucible. 
You will find that it has undergone no change except that it has melted 
and solidified again. Also examine the sanu and note that its appear- 
ance has not changed. € 

r Af similar pair of experiments may be made using 
magnesium, tin? copper, or iron instead of the lead. 

In each case you will find tlat under the conditions of 
Exp. 8 the metal undergoes a permanent change in char- 
acter and increases in weight, whereas under the conditions 
of Exp. 9 there is no permanent alteration in character and 
no change in weight. 

• 

* Leave & fragment of calcium chloride on a watch glass in the air 
of the room, and note how in the course of the day it becomes moist 
and increases in weight. 

f The sand should have been previously strongly heated and allowed 
to cool in the desiccator. 
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Xxp. 10. — Introduce a piece of charcoal into an open crucible and 
weigh. Now heat the crucible and observe that soon the charcoal 
glows and gradually burns away, leaving only a minute quantity of 
white ash. 

Exp. 11. — Repeat the experiment, as with the lead, covering the 
chafeoal with a thick layer of sand. Satisfy yourself that heating, 
even it continued for a considerable time, fails to bring about any 
material alteration in the weight. Now allow the crucible to-cool and 
turn out the contents. You will find that neither the charcoal nor the 
sand has undergone any change. 

7. Review of the Experimental Results. — From these 
experiments it appears that the transformation of lead into 
a yellow substance, differing in mass and in properties from 
lead, takes place under the conditions of Exp. 8, but not 
under those of Exp. 9. Likewise that charcoal burns away 4 

• under the conditions of Exp. 10, and not under those of 
Exp. 11. 

In what do these conditions differ 1 Chemists in the 
seventeenth centjiry were fully aware of these changes, and 
were even aware of the fact thaUthhy were accompanied 
by a gain (or apparently in some cases a k>ss) of mass. 
*The increment of substance was, however, regarded for 
long as of sipall importance, and attributed to particles 
derived from the flame. , 

to. these experiments the flame and the heat are provided 
under both sets of conditions, and the sole difference that 
can be detected is that in one case there is free access of 
air, whilst in the other the substance is imprisoned beneath 
the sand and shut off from Jbhe air. * 

8. Action of Air during ^the Heating Operation. — Before 
we proceed to examine how and why the air effects such a 
change, let us satisfy ourselves that the lead, however 
unlikely it may appeal to he so^is still contained in the 
yellowish residue from Exp. 8. 

Exp. 12. — Scrape out of the crucible some of this residue, powder it * 
very fine, and introduce it into a fresh crucible. Now take about a 
gramme of finely-powdered charcoal, and mix it (by stirring with a 
‘thin glass rod) intimately with the yellowish powder. By gently 
tapping the crucible shake the contents well together, and cover the 
surface with a laye^of powdered charcoal. Put %lid on the cnicible. 
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[Why ?] Heat over the flame for an hour without disturbance. Allow 
to cool, and then carefully shake out the charcoal and see wliat lies 
under it. 

Examine the substance, press it in a mortar, and satisfy*y ourself that 
it corresponds to the metal taken in Exp. b. 

suggestion which these experiments give rise ‘to, 
that air plays an important part in the changes observed, 
is one that must be tested with great care, and further 
experiments must be devised in order more fully to 
appreciate the nature of the changes. For the present 
yQU will* be satisfied to note, that while heating in air 
transformed the lead into a yellow powder with increase in 
mass, the heating of this yellow powder with charcoal has 
^brought it back to metallic lead again. 

9. The changes which Air may effect at Ordinary 
Temperatures. — Rusting of Iron. — Our next investigations 
will be made upon iron, a substance which possesses the 
advantages of being familiar to us, not only in itself*but in 
the changes which it Undergoes, and also in respect of the 
fact*" that such«changes take place at ordinary temperatures. 

Exp. 18.-*-Obtain some bright; iron or steal filings,* sprinkle a thin 
layer of them on a watch glass ; weigh ; place in the* desiccator, and 
leave them there for two or three days, after which again weigh. l£ou 
will find that the weight remains unaltered. Examine the filing* with 
a lens ; they present the same appearance as at first. 

Exp. 14. — Perform the same operations with the difference that the 
filings are left under a bell-jar, the inner surface of whiclj is well 
moistened with water. This time you will find that there is an 
fhcreaS* in weight and that the filings have become covered more or 
less completely withga reddish-yellow powdery- looking substance. t 

The change which has taken place in the one case, and of 
which evidence is wanting in the other, is one that you 
must frequently have observed in *iron utensils, railway 
lines, etc. It is termed ‘^rusting, 1 ’ and the reddish-yellow 
% powder formed is called " rust/ 1 So far you find it to be 

* Such filings are usually contaminated with oil, and this should be 
removed by shaking them with a little ether, pouring off the liauid, 
and then leaving them a few minutes in a dry, warm place— in a 
steam bath or in a gently warmed basin. 

t Reserve these rqpty filings for a later experiment. 
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associated with an increase in weight and apparently due in 
some way to the moisture, for in dry air it did not take 
place. Let us now try to find out whether rusting will take 
place in the presence of moisture alone . 

Exp. 15.— Fit a round-bottomed flask of about a litre capacity with 
a rubber cork, through which passes a short length of rather wide 
glass tubing to which is attached an inch or two of indiarubber tubing. 
Introduce about 300 c.c. of hot water, and drop into this some yards 
of bright, iron wire wrapped into small compass by winding it round 
the fingers. Now boil the water, not too violently, but so that the 
steam issues freely from the end of the rubber tubing. Continue the 
boiling for at least a quarter of an hour, and then slip over the rubber 
tubing a strong brass clip, being careful, just the instant before doing so, 
to remove the burner. During the boiling the steam will have dis- 
placed the air almost completely from the flask. By turning the flask 
about you will be able to expose the wiie to the space occupied by - 
water vapour. Leave it so for some days, and note that the wire keeps 
quite untarnished. After that lot in air, and notice how after some 
hours reddish-yellow rust forms on the wire. 

The • rusting of the iron therefore takes place only in 
presence of air awl moisture f and doe^ hot occur either in 
dry air or moisture alone. » 

# 10. Does all the Air take part in the Process? 

Exp. 16. — Take now a tall narrow cylinder moistened oVer its inner 
surface, and sprinkle iron filings freely over this surface Invert over 
water contained ? in an earthenware or glass trough, taking tare that 
you'&o not let any air escape from the cylinder. Note that soon the 
water begins to rise in the cylinder, and that after a day or two it 
rises no further. The air in the cylinder is now under diminished 
pressure, To restore the pressure to that of the atmosphere pour 
water into the trough till the level is the Bame inside and outside the 
cylinder. Mark the level carefully by means of a piece of gummW 
paper. Now remove the cylinder, empty it, and pour water into it 
from a graduated cylinder, notiyg the volume of water needed — 

(a) To fill up to the mark. 

(b) To fill it from the mark to the top. 

You will find that the raAio a : b is approximately 4 : 1. 

Repeat the experiment, and if in the first experiment none of the 
filings remained bright after the water had ceased to rise, use a quan- 
tity sufficiently large for this to be the case. You will find that the^ 
result i/ the same. 

Obviously then only about one-fifth of the air takes part 
in the process of rusting, for some of the filings remain 
bright after this quantity has been removed. 
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11. What has become of the Air which has disappeared 7 
—Recalling the fact demonstrated in Exp. 14 that the 
rusting of iron is accompanied by an increase in weight,* 
we are justified in concluding that the air which has dis- 
appeared has become in some way fixed or added ofi to .the 
irate, and that the result of this fixation is the conversion 
of the iron into reddish-yellow rust. 

12. The Nature of the Change which takes place when 
Metals are heated in Air. — We have seen in Exps. 4 and 
8* that when metals are heated in air they increase in 
weight and become changed into earthy-looking powders 
(which the early chemists called “ calces n [sing, “calx*'] 

*of the metals). Can *ve explain these changes as we did 
the rusting of iron 1 If so, then they should be accompanied 
by the disappearance of a certain amount of air. Let tts 
test this by burning magnesium (for example) in an 
enclosed volumO of air. « 

« ^ < 

17. — Arrange a beft-jar in a trough containing water (see 
Fig. 4). Let thfe bell -jar be ground on the base, and be not too narrow 
nor too large. If the trough be a glass one, it* 
will be necessary to have a thin disc of rubber 
on the bottom upon which to y>ress the boll jar 
firmly and so prevent any escape of air throv.gh 
expansion by the heat of combustion. 4 3Iark 
the level of the water in the jar by means of a 
piece of gummed paper. Attach a piece of 
magnesium ribbon to a cork which fits € the bell- 
jar well. Ignite the magnesium, and as quickly 
as possible place it in the bell-jar, pressing 
down the bell-jar firmly with the other hand, 
and pushing iq the cork tight. After burning 
brightly a short time the magnesium goes out. 
The water rises rapidly inside the jar. When it ceases to rise further 
pour water into the trough till the level *e the same in bell-jar and 
trough* Again mark the levehof the water with gummed paper. Now 
proceed, as in Exp. 10, to measure the volume up to each gummed 
% mark. The larger volume (say i>) represents the volume of air originally 
present in the jar ; the difference between the two (say v-vj tlie 
volume of air which has disappeared. You will find that v - : v= 1 : 5, 

i. e. one-fifth of the air has disappeared as in Exp. 10. 

* It is assumed that the student is acquainted with the fact that air 
has weight. % * 
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Similar results would be obtained by heating other metals 
in an enclosed volume of air, so that we may safely con- 
clude that the change in appearance and properties and the 
increase in weight which the metals undergo is due to the 
fixation of air on them, 

Exp. 18. — Allow sonic iron to rust in a cylinder of air, as in Exp. 
till tho level of water ceases to rise. Place a glass plate over the mouth 
of the cylinder, take it out of the water and stand it upright* on tho 
table. Remove the glass plate and introduce a lighted taper ; it is 
extinguished. Next burn magnesium in a bell-jar, as in Exp. 17. 
Now take the cork out of the jar and introduce a lighted taper ; again 
it is extinguished. 

From this similarity in behaviour, and from the fact that 
in both Exps. 16 and 17 about one-fifth of the air was 
removed, we may suppose that ordinary air consists of two 
^ases in the proportion of 4 : 1 by volume, and that iron on 
rusting and magnesium on burning have removed the 
constituent present in smaller quantity. This we may 
term tfie active constituent , and that present in larger 
quantity the inactive constituent. The latter has been 
named Nitrogen , and we shall in future call it hy that nalne. 

13. Burning of Non-metallic Substances in Air. — Metals 
are, however, not the only substances which will remove 
the s active constituent from air ; any substance which will 
burn in air is capable of doing this, e. g . phosphorus, 
sulphur, a candle. Let us demonstrate this in the case of 
the first-named substance. 

Exp. 19. — Stand a small porcelain crucible containing some red 
phosphorus on a cork, and float on water in a trough. Place a large 
bell -jar with a narrow neck over the cruciblo. Maik the level of tho 
water in the jar with gummed paper. Now ignite tho phosphorus by 
touching it with a hot wire, and close the bell-jar at once by means 
of a cork or stopper. The phosphorus will burn brightly at first, and 
the he&t evolved will expand the gas and depress the water inside the 
jar. After a little time the combustion will cease, and the water will 
ultimately rise above its original level. The fine white powder which 
is formed during the combustion (consisting of .phosphorus pentoxide) 
will gradually settle down, and dissolve in the water. When the 
water has ceased to rise within the jar, pour more water into the vessel 
in which it stands until the level is the same in both. You will find 
(using the method of Exp. 18) that one-fifth of the air has disappeared. 
Test the residual gas as in Exp. 18. It is nitrogen. 

Note . — Burn away all the remains of phosphbrua>in the crucible in a 
turn % cup board ; do not wive it off with a cloth* 
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14. The Active Constituent of Air (Oxygen). — We must 
now inquire whether it is possible to recover the active 
constituent of the air from the calx of a metal.. 

We choose for our first experiment a calx of mercury 
known as 44 red precipitate," and which can be obtained by 
halting mercury for a long time at a certain temperature 
in contact with air.* 

Exp. 20. — Into a hard-glass tube introduce sufficient crystalline red 
precipitate to cover a threepenny-piece, and hold it in a Ilunsen flame. 
Notice th^t the colour of the powder changes from scarlet to black — it 
Ifioka “ burnt.” Take the tube from the flame, let it cool, and notice 
what happens. The scarlet colour is recovered. Evidently the change 
is not due to burning. 

Have by you a splinter of wood long enough to reach down to the 
bottom of the tube. Nos^beat the latter in the hottest part of the 
flame (i.e. near the tip). You will observe a mirror gradually forming, 
on the sides of the tube. Ignite the splinter,, blow out the name, iflid 
thrust the glowing end down the tube. Observe that the glowing 
splinter bursts inty flame, and bums more brightly than in coqimou air. 

Now scrape off the jnirror formed in the tube ^ith the clean end of 
the splint. You obtains liquid metallic globule of 41 quicksilver" or 
meneury. % , 

If, thenj mercury is heated in air to a certain temperature* 
we obtain the calx of the metal ; and we have just found 
that, by heating* the calx to a higher temperature (for the 
temperature of the hottest part of the BunseXi flame is much 
higher than that at which mercury is converted into red 
precipitate), the calx has been broken up again into 
mercury and a gas which is more active than ordinary air. 
tThiSegas must, therefore, be th$ active constituent of air. 
It is called oxygen. 

Exp. 20 (< continued ). — Try the seiAe experiment, using red lead. 
Here, again, you obtain oxygen ; but the residue in the tube is not metallic 
lead : it is a yellow solid, litharge, which Jm the yellow calx of lead, 
that is, the substance obtains^ in Exp. 8 by beating load in air. [Red 
lead is also obtained by heating lead in air, but a lower temperature 
must be used than in th? preparation of litharge.] 

Now heat in a similar way the white powders you obtained from 
magnesium and tin in Exp. 4, and the rusty iron filings formed in 
Exp. 14. None of these gives off any oxygen. 


* Red precipitate is usually prepared by quite a different method, 
and ie a substance whiefi may be easily procured from the chemist. 




THE NATURE AND ACTION OF AIH. 


17 


It is clear, therefore, that the oxygen is not recoverable 
from all the bodies obtained by heating metals in the air 
or simply exposing them to the air, as in the case of iron 
ruBt — at any rate, not by simple heating. 

Iff. Elements and Compounds. — Red precipitate contain^ 
then, at least two substances — mercury and oxygen — which 
are joined together in some mysterious way, so that the 
product i^an entirely different substance from either of its 
constituents. This kind of union is termed chemical com- 
bination , and both the formation of this substance by* 
heating mercury in air and its subsequent decomposition 
by heat are excellent Examples of chemical change s. Red 
precipitate is an instance of a chemical compound \ so also 
are red lead, iron rust, and the calces of the metals in 

a *al. Chemical q^in pounds, then, are evidently sub- 
es which may be split up into two (or more) new 
substances. Now neither mercury nor oxygen has, so far, 
by any means in • the chemist's powe^ *been decomposed 
into anything simpler. Substances like mercury apd 
oxygen, which have up to the present resisted ^11 attempts 
to break them up into simpler bodies, are termed elements. 
Nitrogen is also an element, as are all the pure metals, as 
well jU sulphur^carbon, and a great many cubstances; In 
all aflbut 75 elements are known ; but some of them are 
very rare, and only obtained with great difficulty. 

A chemical compound containing oxygon and some other 
element termed an oxide : red precipitate, for instance, 
is oxide of mercury ; red lead and litharge are oxide* of 
lead; iron rust is an oxide of iron * * 

16. Preparation of Oxygeii in Quantity. — We have seen 
that it is not easy to obtain supplies of pure oxygen, 
unmixed with other gnsfbs, from the atmosphere ; nor are 
there naturally occurring substances which readily yield 
the gas in quantity. “ Nitre,” which is found in quantity 
in Chili, and “pyrolusite” (manganese dioxide) will, when 
strongly heated, give up fire-air, and were used by the 
earlier chemists as sources of the gas. 

# It is not, however, pure oxide of iron ; in addition it contains ferric 
hydroxide and ferrouf carbonate in varying proj^rtitfas. 

T. OB EH. 1. C 



18 


THE NATURE AND ACTION OP AIR. 


There are f however, substances which have been specially 
prepared by the chemist more convenient for the purpose 
than red precipitate, or red lead, or any of thpse naturally 
occurring bodies. One of these is “ chlorate of potash,” the 
nature of which you will more fully appreciate at a later 
§&ge. We shall use it at present merely as a means of 
obtaining oxygen free from other gases. 

Exp. 21. — Eleat a small quantity of potassium chlorate in a test- 
tube. Notice that it first crackles, then melts, and at last seems to 
boil. At this stage test the issuing gas with a glowing splinter. It 
will be found to be oxygen, Now heat some more potassium chlorate, 
first grinding it up in a mortar with a little manganese dioxide, till 
the substances are thoroughly mixed. Observe that the mixture gives 
off oxygen much more readily than potassium chlorate alone. 

It is a remarkable fact that the manganese dioxid<* is 
unchanged at the end of the operation, the oxygen appear- 
ing to have come from the chlorate only. It is, however, 
very likely that the jnanganese dioxide do-ss take part in the 
reaction, but we cannot stop to discuss the question here. 

The mixtiire just described is tbe one generally used to 
prepare oxygen in large quantities, and is often called the 
“ oxygen mixture.” 



Fig. 5. 

« 

Exp. 28 . — Procure a small round- bottomed flask of hard glass, and 
fit it with a oork and delivery tube bent as shown in Fig. A 

Pour sufficient water into a pneumatio trough to cover Its shelf by 
at least half -an-inoh. Fill one Urge gas- jar and five smaller ones with 
water and invert them in the trough . Have ready some ground-glass 
covers to be placed over the mouths of the jars when filled with gas. 

Fill the flask about one-quarter full with a mixture of potassium 
chlorate with abqpt one-quarter of its weight o^ manganese dioxide, 
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and fix it as shown in the figure,* so that the delivery tube just dips 
under the shelf of the trough. Use a small flame to heat the mix- 
ture, and move it to and fro to avoid getting too high a temperature. 
Oxygen soon .comes off rapidly, and after allowing a short time for 
the air in the flask to be driven out, place a jar in position on the 
shelf, and; when filled, quickly cover its mouth while still under 
water with a glass plate, and replaoe it by a second jar, and so 

We have collected the oxygen by the u displacement of 
water/* a method generally employed for collecting gases 
that are ‘not too soluble in water. 

Note, on Manganese Dioxide. — Before using a fresh sample of this 
compound for the production of oxygen, it should always be tested for 
carbonaceous matter (soq£, etc.), as such material is apt to cause 
explosion when heated with potassium chlorate. To do this, mix it with 
some of the chlorate and heat gently in open crucible. If the 
action is violent, reject the sample of dioxide. 

• 

^ 7 . Properties of Oxygen and Comparison with Ordinary 

Exp. 25. — You wijl already have noticed that oxygen is colourless 
like ordinary air. Remove the cover small jar. of the gas 

and inhale a little of it. You will find that it is « • 

odourless and tasteless, hut that it produces a feeling 
of exhilaration as though it were ordinary air 
intensified . 

Eip. 24. — Fill the bowls of two deflagrating spools 
(see Fif'. 6) with flowers of sulphur, ignite the sulphur 
and plunge one spoon into a jar of air, the other into 
a small jar of oxygen, taking care that the brass 
plates of^he spoons fit down on the jars. Observe 
that in both cases the sulphur burns with a pale blue 
fiameaml gives off white fumes, afid that on slightly 
raising the spoons the familiar disagreeable odour o# 
burning sulphur is noticeable. J>he only difference 
you will observe is that in the case of oxygen the 
burning is more vigorous and the smell more Fio. 6. 
intense. • 

Note. —Burn off all the sulphur remaining on the spoon before doing 
the next experiment. 

* The mixture is almost certain to contain adhering moisture 
whioh would be driven off on heating and condense in the neck of 
the flask. If, therefore, the flask is supported in a vertical position 
there is a danger that this moisture would run down on to the hot 
part of the flask and orack it. 
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Exp. 25. — Cut off from some yellow phosphorus, held below water , a 
piece not bigger than a pea, and transfer it on the point of a knife to 
the clean, cold deflagiating spoon. Dry it by touching it with a bit of 
filter paper, and watch it for a few seconds. Whiter fumes with a 
peculiar odour are given off ; the phosphorus is already reacting with 
the air. Touch the phosphorus with a warm glass rod and plunge it 
into a jar of air, keeping the brass plate well down on the jar. Note 
that the phosphorus bums with a bright white flame evolving dense 
white fumes. 

Repeat the experiment with a small jar of oxygen and observe that 
the result is the same, but that the flame is more brilliant. 

Note . — Burn away all the remains of phosphorus on the spoon in a 
fume cupboard. 


Exp. 26. — Wire a bit of charcoal to the erad of a deflagrating spoon. 
Make it red-hot, then remove it from the flame and watch it. It soon 
ceases to glow. Now mate it red-hot again and introduce it into a 
small jar of oxygen. It continues to glow and gradually disappears, 
just as it did in air when the external heating was kept up as ill 
Exp. 10. ^ / 


Exp. 27. — Attach a piece of magnesium ribbon to a daflagrating 
spoon, ignite the end of the ribbon and plunge it into a jar of air. 
Note that the magnesium trims with a very bright flame and forma- 
tion of white fumes, which settle down as a white powder on the walls 
of the jar. Repeat the experiment with a small cylinder of oxygetf. 
You will Observe that the result is similar but that the burning is 
much more vigorous, the flames being intensely bright. 


Exp. 28. — Introduce through a funnel sufficient sand to cove the 
bottom of the large jar of oxygen which you collected to a depth of 
about half-an-inch. Roll 8 or 10 inches of thin iron wire round a glass 
rod, to form a spiral, and fasten a bit of match stalk to one end. 
Attach the other end to a deflagrating spoon. Light the match and 
, plunge the wire into the jar. The iron wire burns and small black 
globules fall on to the sand. Repeat this experiment, using a 
cylinder of air ; tLe wire does not burn. 

r *. 

It is quit© obvious from the foregoing experiments that 
oxygen possesses the properties of, ordinary air in an in- 
tensified degree, or in other words that air behaves as 
though it were diluted oxygen. We shall experience no 
difficulty in understanding this when we recall the fact that 
only one-fifth of the air is oxygen, the remainder consisting 
of the inactive gas nitrogen. 



THE NATURE AND ACTION OF AIR. 


21 


QUESTIONS. — CHAPTER II. 

1 1 Describe a desiccator and explain its use. 

2. Doscribe two experiments illustrating the part played 

by air in chemical changes.^// £ * 

3 . What conditions are necessary for the rusting of iron 1 

Describe experiments in support of your answer. 

4 . What* do you suppose takes place when magnesium 

burns in air? Describe the experiments yau woukl 
perform to verify your statement. 

5 . What is red precipitate ? What happens when it is 

heated ? What other red powder behaves somewhat 
similarly ? In what respects db they differ ? i 

fi. Distinguish between “element 99 and “ compound.” Give 
\ as many examples as you can of substances belong- 
ing to each of these classes of bodies. 

7 . How* would jrou prepare oxygen gas in quantity ? 

Sketch the apparatus you wsuld use. Describe in 
detail the experiments you would perform to show 
thart when substances are burnt in oxygei^the pro- 
ducts are the same as when the same substances are 
. burnt in air. 5 £ + h 

8. Inscribe as carefully as you can how you would prove 

that when phosphorus burns in air in a confined 
space one-fifth of the air disappears. What has 
become of this portion? Why is it necessary to 
make the level of the \*ater inside and outside the* jar 4 
the same before measuring the residual volume of air 1 



CHAPTER III. 

THE NATURE AND ACTION OF WATER. 

18. Behaviour of Substances towards Water — We will 
commence our study of water in a manner similar to that 
which we followed in '''the case of air, i. e. by investigating 
the changes which familiar substances undergo in contact 
with water. Let us take nitre or ' saltpetre (potassium 
nitrate) as our first substance. 

Exp. 29. — In a test-tube containing a little cold water place a few 
crystals of nitre. Notice tliat they gradually get less and less in bulk, 
and finally di&ppear from sight. We say the nitre has dissolved, 
and that i{j is soluble in water. What we have in the test-tube now is 
a solution of nitre in water. The water is termed the solvent. The 
word solute has been suggested for the substance (in this case nitre) 
that has dissolved. « 

Now add more nitre, and shake ; j^robably that will dissolve also. 
At length, however, if we continue to add the solid, a point will be 
reached at which some will remain undissolved in that quantity of 
water. « 

‘ We have now a saturated solution of nitre in cold water. 
There are two *iVays in which we could cause the still un- 
dissolved portion to pass into solution : one is very obvious 
— namely, the addition of more water ; the other, not so 
obvious, is by warming the water already there. The hot 
solution would dissolve 'more nitrate before the point of 
saturation was reached ; but this also would, in the end, 
become saturated. We may obviously have saturated 
solutions at various temperatures, and it is evident that 
the quantity of solid necessary to produce such a solution 
will depend on two things at least — (1) the quantity of 
water present; (2) the temperature of that water. 

?2 
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19. Crystallisation. — If now the hot saturated solution 
be allowed to stand for some time, the nitre will reappear ; 
it will separate out from the solution in the form of crystals, 
but only in part ; for the remaining liquid must always be 
a saturated solution. These crystals will almost certainly 
be large and well formed, as crystals usually are when they 
form by the slow cooling of hot saturated solutions (or the 
slow evaporation of cold saturated solutions). 

Exp. 29 (continued ) . — Allow the hot solution of nitre to stand. 
Note the formation of crystals. , 

If the hot solution be poured into a clock-glass, the 
crystals will be small and will separate more quickly, 
because the cooling is rapid owin^ to the large surface 
.exposed. A crystal has a definite geometrical form, and 
many substances may be recognised by the shape of their 
crystals. The student should examine and draw well- 
formed ^crystals of calcite, alum, sugar, and blue vitriol. 
If a well-formed* crystal of any subgfc&nce be suspended 
by a very fine thread in a saturated solution of the same 
Substance, it will grow at the expense of the solution, but 
will usually retain its shape. In this way very large and 
almost perfect crystals of some substances may be obtained. 
Alusji is a good«substance to experiment with in this'* way. 

Water of Crystallisation. — Many crystals when heated 
give off # water and fall to a powder. Blue vitriol, or copper 
sulphate, will serve to illustrate the peculiarity of some 
crystalline substances. * * 

w 

Exp. 30.— Grind ..up aome cwstals of copper sulphate to a fine 
powder. Introduce a little of tne powder into a porcelain crucible 
and weigh (with lid). Place the lid so that it only partly covers the 
crucible, and heat over a small flame which does not touch the crueible. 
Notice that the powder gradually becomes white. Now place the lid 
completely on tne crucible and remove to a desiccator. When cold 
weigh, you will find that there is a loss in weight. 

Now drop a little water upon the powder (anhydrous* copper sul- 
phate) and note the return of the blue colour. This serves as a 
delicate teat for the presence of water. 


* From a Greek word meaning without water. 

• • 
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If the white powder is dissolved up again in water and 
partially evaporated, and then set aside to cool, blue crystals 
may again be obtained. Water appears to be essential to 
the formation of some crystals. Such water is termed 
water of crystallisation. Washing soda, alum, and borax 
contain also a large proportion of such water. 

^ ' a<j (>-vv * * a **- ^ 

Amorphous substances are those which do not possess 
a crystalline form. Examples of this class are chalk, 
charcoal, and starch. ' ; ,, 



Fio. 7. — a, b t c, d indicate the manner of foi&ingthe circular 
filter paper. 


20. Filtration. 

Exp. 31. — Fit up a filter of the form shown in Fig. 7, v and pour 
through it some of the nitre solution obtained in Exp. 29 (using 
unglazed paper, called filter paper). You will find that the whole 
of it runs through* Nothing of a solid character is retained by the 
paper. 
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From this gather that dissolved matter cannot be 


removed by filtration ; the pores 
of the filter .paper are evidently 
larger than the particles of the 
dissolved substance (as well as 
those of the solvent). To re- 
cover the solute (nitre in this 
case) we must either boil off the 
solvent (Vater) or allow it to 
evaporate into the air. 



Exp. 31 (continued). —R out some of Flo. 8. 

the nitre solution into a porcelain dish 

r.nd evaporate off the water by placing it oij a water bath (see Fig. 8) 
The nitre remains behind. 



Distillation. — If we wish to recover the solvent (in this 
case water) we must make suitable arrangements to con- 
dense it. This is best done by using a Liebig condenser , 
which consists of a glass tube surrounded by a wider tube, 
through which cold water is made to circulate (Fig. 9). 

Exp. 31 (continued ), — Pour the remainder of the nitre solution into 
* flask and conneot with a condenser, as showu in Fig. 9. Boil 
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the liquid in the flask. The steam passes through the inner tube of 
the condenser, where it becomes liquid, and flows down into the flask 
placed to recede it. Do not boil off all the water or the flask may 
crack. Evaporate to drvness a little of the condensed' liquid. There 
is no residue, shewing that only the water has passed over. 

• 

The process of boiling a liquid and condensing and 
collecting the vapour as you have done in Exp. 31 is 
known as distillation . 

# 21. Solubility Curves. — Let us now investigate the 

solubility of nitre quantitatively at different temperatures. 

• 

Exp. 32. — Introduce about 100 c.cs. of water into a small flask, add 
some finely powdered* nitre, and shake welL If the powder all dis- 
solves add more and shake again. Repeat the addition of nitre, if 
necessary, till some remains undisaolvea after vigorous shaking, i. e. 
the solution is saturated. Allow the mixture to settle, take the 
temperature of the liquid with a thermometer (say 10* C.) % and then 
pour off about 10 c.«s. of the clear liquid mtq a weighed porcelain 
dish, after, carefully wfplqg the inside of the nook of the flask, on 
whioh there qjjiay, do some solid nitre, or water unsaturated with 
nitre. Weigh again. The difference gives the weight of the eola- 
tion (to gats. say). 

Now evaporate to dryness on the water bath, wipe the moisture 
off thf bottom of the dish, and weigh. The difference between 
this and the weight of the empty basin gives the weight of/nitre 
dissolved. 9 

Suppose this is t o l gms., then we have w l gms. of nitre dissolved in 
1 04 - w 1 gms. of water. Therefore at 10* C. the weight of nitre which 

would dissolve in 100 gms. of water would be — x 100 gms. This 

. - v\ 

is tne solubility of nitre at 1 0* O. expressed as a percentage. 

Now warm the* water in the flask to about 20° C. and find the 
solubility as before. Repeat at 30 *f 40*, and 53® C. 

Next take a piece of squared paper and draw two lines (axes) at 
right angles, one horizontal along the bqttom of the paper, the other 
vertical along the left-hand side. 

Mark off along the horiSontal axis lengths proportional to the 
temperatures taken, and on the vertical axis lengths proportional to 
the solubilities. Now from each point representing a solubility draw 


* Solution takes plaoe more rapidly and effectively if the substance 
is finely powdered. 
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a horizontal line till it cute a vertical line from the corresponding 
temperature. Make a cross at the point of intersection. Join the 
centres of the crosses by a line, drawing the line so that it forms a 
smooth curve {see Fig. 10). This is called the solubility curve oljt 
nitre. 

\/ 



Fio. 10. 


By means of this curve you can at once find the solubility 
of nitre*at any temperature between 0* 0. and 60* C. All 
you have to do is to follow the vertical line corresponding 
to the required temperature till it cuts the curve; then 
follow the horizontal line from this point till it cuts the 
vertical axis and read off the solubility. 

Other examples of soluble substances are common salt, 
sugar, Epsom salts, bicarbonate o f soda, alum and borax. 
You might construct solubility curves for them as you did 
for nitre. You would find that the solubilities of these 
substances vary greatly; also that whilst in some cases, 
e. g . nitre, the solubility increases very rapidly with rise 
in temperature, in other cases, e. g. common salt, the increase 
is very slight indeed. 
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22. Other Solvents. — It is important for the student to 
remember that water is not the only substance which pos- 
sesses this property of dissolving solids. All liquids possess 
this power, in a greater or less degree, though any given 
liquid does not necessarily dissolve the same substances as 
another liquid. 

Some substances that will not dissolve in water dissolve 
readily in other liquids. Sulphur, for example, is very 
soluble in a liquid called carbon bisulphide , and resin in 
alcohol or methylated spirit 

Exp. 33. — Powder a small piece of sulphur and introduce it into a 
little carbon bisulphide in a test-tube, a 'little at a time, and shake 
till completely dissolved. Then pour on to a clock-glasB and allow the 
liquid to evaporate slowly (in a fume closet). Note the yellow crystals 
of sulphur which form. 

23. Insoluble Snbstanoes. — 

Behaviour of Chalk towards Water . — t 

Exp. 34.-— Shake iip € a quantity of chalk with distilled + water and 
allow the mixture to stand for a considerable time ; the chalk 
settles down to the bottom, and leaves a clear liquid above. A 
quantity of this clear liquid may be poured off ( decanted ) without 
allowing toy chalk to be carriod with it. Substances which have 
a greater donsity than chalk (such as red lead) would subside sooner, 
and the liquid above could in those cases be more easily and completely 
separated from the solid. , 

TJiis is the process known as separation by decantation. 
We could never by this means effect complete separation. 
We could, however, separate the chalk and water quite easily 
and* completely ^by means of tlie filter described in § 20. 

Exp. 84 (continued). — Pour the mkture of chalk and water on to a 
filter. The liquid portion which runs through the filter is termed the 
filtrate , and the chalk left on the paper is called the residue . 

* These liquids are very Volatile and inflammable, and should not 
be boiled in the open air, but in a distillation apparatus, on a water- 
bath. They may, however, be allowed to evaporate slowly ia the open 
air, without the application of heat. 

t Distilled water is water produced by boiling ordinary tap water 
and condensing the steam by a suitable cooling apparatus ; on the small 
scale a Liebig condenser (see Fig, 9) may be used for this purpose. 
Distilled water contains no dissolved solid matter^ 
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It remains to be seen whether the filtrate contains any chalk in solu w 
tion. To ascertain this, evaporate some to dryness on the water bath. 
No residue is left ; hence we conclude that chalk does not dissolve in 
water. 

The experiment should now be repeated with gypsum and slaked 
lime, and the results compared. Both these substances will be found 
to dissolve, but only to a slight extent. 

Sine© the chalk is retained by the filter paper, it is 
evident that the pores of the paper are too small to allow 
the chalk particles to get through, but they cannot prevent 
the water passing through, nor were they small enough to 
prevent dissolved nitre .going through with the water. 

The residue on tho filter paper may be dried by heating 
ao some distance over a small Bunsen (lame, or in a steam 
• oven, and by this means recovered in its original form. 

Substances which do not dissolve in water, but which 
when mixed with it, even in small quantity, can still be 
seen, are* said to be suspended or in suspension. Suspended 
matter can always be completely removed by filtration^ provided 
the filter paper is fine enough. 

‘Sulphur, red lead, sand, charcoal, may be mentioned as 
other examples of bodies which are insoluble in water. 

24. JSeparatioh of Mixtures. — It will not be difficult 
now for the student to see how we could effect a separation 
of two substances when one is soluble in some liquid and 
the other is not. It is only necessary to warm t-fio 
mixture gently with an excess of the solvent, and filter. 
The insoluble portion remains on the filter, the soluble 
portion runs through and jjiay bo recovered as described 
already (by evaporation of the solvent). Chalk and nitre 
should now be mixed, an s d the substances separated in the 
way just described. 

Exp. 3&— Separation and Isolation of the Constituents of Gun- 
powder. — Using the knowledge already gained concerning soluble 
and insoluble substances, the student will find this also an instructive 
exercise. Gunpowder contains three ingredients —nitre, sulphur, and 
charcoal. Of these nitre is soluble in water ; sulphur and charcoal 
are insoluble; but qf these sulphur dissolves in parboil bisulphide 
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To separate them we proceed as follows ; — Shake the gunpowder with 
water, warm gently, and filter : the filtrate contains the nitre, which 
can be recovered by evaporation of the water ; wash the residue on the 
filter by pouring water over it a few times, then dry it carefully ; 
scrape it off the paper and add carbon bisulphide. Shake and allow 
to stand ; filter off the liquid from the black charcoal and let it 
evaporate slowly in a fume cupboard. The sulphur is thus recovered. 
The charcoal remains behind on the filter. It should be washed with 
a little carbon bisulphide to free it from adhering sulphur, and then 
dried. 

25. Water as a Solvent for Liquids.— Water dissolves 
not only many solids, but also some liquids as well. If 
alcohol is shaken up with water,, the two liquids mix 
thoroughly, and no process of filtering will separate them. 
Every one, on the ottter hand, is familiar with the behavi- 
our of oils towards water. Oils do not dissolve in water, 
but either float on the top or sink to the bottom, according 
as their density is less or greater than that of water. 
Partial separation* may be effected in these cases By decan- 
tation; but for mcfre complete separation we must hkve 
recourse to especial apparatus (such as the separation 
funnel). v 

Carbon bisulphide, chloroform, and turpentine are other 
examples of liquids which do not dissolve in water.: the 
first two, being denser, sink ; the last-named, being lighter, 
floats on the water. Ether is an example of a liquid which 
is ^ only slightly soluble in water; so that some would 
dissolve while the remainder would float on the* water. 

26. Water a Solvent for Oases. — When a bottle of 
soda water is opened, bubblqp are seen to rise in large 
quantities to the surface. When these bubbles have 
ceased coming off the liquid can be made to effervesce 
again by shaking the J)ottle. When shaking no longer 
produces effervescence, a further supply of bubbles can be 
liberated by warming the liquid. All this effervescence is 
due to the escape of a gas that was dissolved in the water. 
By means of a suitable arrangement this gas, which is 
carbon dioxide, can be collected. 

Again, ordinary tap water contains gas dissolved in it. 
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This gas consists of air and carbon dioxide ; * it may be 
partially expelled on wanning tbe water, and may be 
completely expelled on heating to the boiling point. 
Unlike solids, gases dissolve better in cold water than hot. 
The quantity of a gas dissolved in water will depend upon 
the pressure exerted by the gas upon the water, as well 
as upon the temperature of the water. < The gas in soda 
water is forced in under pressure ; when the pressure is 
relieved by taking out the stopper some of the gas escapes. 

One litre of ordinary water at 15° is able to dissolve at 
the ordinary pressure about 16 c.c. of air. 

Aquatic animals (fishes, etc.) obtain the air they breathe 
from that which is dissolved in the water in which they 
live. 

« Just as in the case of solids and liquids, some gases 
dissolve more readily than others. It is especially import- 
ant to remember in some of the experiments that follow 
that water is able to take up gases if brought in contact 
with them. * „ * 


QUESTIONS, — CHAPTER III. 

1. Explain the terms solvent , solution, water of crystalli- 

sation, saturated solution. How would you separate 
and recover the ingredients in a mixture of powdered 
sulpTiur and common salt ? 

2 . Describe carefully how you would proceed to ascertain 

whether a given white powder was soluble in water or 
not. How would you expect the following substances 
to behave when v added to water : — Epsom salts, 
powdered charcoal, carbonate of sodat 

3. Describe in detail how you would proceed to obtain 

pure water and pure nitre fron^ a solution of nitre in 
water. Sketch the apparatus you would employ. 

* Tap water always contains a considerable quantity of oarbonic acid 
gas derived from subterranean sources. 
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4. What do you understand by the term solubility cv/rve f 

H o w would you proceed experimentally to obtain the 
Bolubility curve of washing soda between 15* 0. and 
70° C.? 

5. How would you proceed to prove that alum is more 

soluble in hot than in cold water 1 

6. Explain what is meant by distillation, and describe an 

experiment to illustrate its use. 

7. Describe how you would proceed to investigate'the action 

of heat on blue vitriol. State and explain what you 
1 would observe. 

8. If you were provided with a mixture of chalk and pow- 

dered borax, how would you proceed to obtain a pure 
dry specimen of each constituent 1 



CHAPTER IV. 

THE NATURE AND ACTION OF WATER (Continued). 

27. Action of Water on Metal*.— Production of 
Hydrogen. — * , « • 

(a) Sodium. 

Exp. 36. — Take a piece of sodium about the size of a pea (not larger) 
and drop it into admail quantity of water contained in a beaker. 
Watch the behaviour of the metal through the side of the vessel, not 
over it, as the biasing globule sometimes explodes. A thin heavy 
stream may be seen failing from the disappearing metal. Is tlje 
metal simply dissolving in the water 1 It was angular when cast on 
the water : it is now globular ; the solid has become liquid. Its 
temperature has probably risen. Had the metal been placed upoh a 
iloating filter paper, the temperature would have risen sufficiently to 
produce a flame. Chemical actio* between the metal and the water 
may therefore be suspected. 

Fill a small gas-jar with water and invert it in a trough. Cut off 
a piece of sodium about the j&me size as the first, wrap it up in tin- 
foil or thin client lead perforated with a*few pinholes, and place it 
under the gas-jar. Hubbles of gas are now seen to rise apparently 
from the n^ptal When bubbles cease to rise place a greased cover over 
the month of the jar and turn up the latter. Bring a lighted match 
near and slide the cover to one side. The gaa burns with a yellow 
flame. 

The inflammable gas is called hydrogen. The yellow colour of the 
flame is due to the sodium. 

T. CHKM. I * 33 • D 
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Rub the liquid in the beaker between your fingers. It is soapy. 
Taste it. It is caustic. Test it with red litmus paper.* The colour 
changes to blue ; t. e. the solution is alkaline. Evaporate the liquid 
to dryness in a porcelain dish. The residue is not sodium, which 
we should expect to find if the metal had merely disBolned in the 
water. The white solid is caustic soda , and is the same substance as 
that from which the solution labelled “sodium hydroxide” is made. 
Dilute a few drops of this liquid with water and apply the tests to it 
mentioned above. 

(b) Iron. 

We'havo seen in Exp. 15 that water alone has no action 

on iron even 
at the boiling 
point. 

Let us now 
try whether 
there is any 
actior at a 
higher tempera- 
ture, namely at 
a red heat. 

Exp/37.— Fit up 
and arrange the 
apparatus shown in 
Eig. 11. It con- 
sists of an iron tube a foot or more in length and a little over half- 
an-inch in diameter, partly filled with iron turnings or small nails. 
It is fitted propej !y at the ends with corks, one being pierced by a 
glass tube bent at right angles and passing into the flask contain- 
ing a little water, while through the other projects the delivery 

• Litmus is a vegetable colouring matter, which is very sensitive to 
the action of many chemical substances. It turns red in acids, and 
substances which turn it red are said to have an acid reaction; it 
turns blue again in alkalies, or in substances having an alkaline 
reaction , and it is unaffected by water and many other substances 
which have a neutral reaction. 

Blue litmus paper is prepared by dipping unglazed paper in a 
solution of litmus (prepared by boiling ooiiimercial Ijtmus with water 
and filtering) and drying it. Bed litmus paper is prepared in a *fmU»r 
way after first adding just sufficient acid to the litmus solution to turn 
it red. 
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tube, cut off as Bhown above the surface of the water. A piece of 
rubber tube is slipped over it sufficiently long to deliver the gas into 
the jar. The iron tube is supported by a clamp and heated by a 
flat-flame Bunsen burner. 

Heat the iron tube as strongly as possible, and boil the water in the 
flask, which should rest on a sand bath. Steam passes over the red- 
hot nails, and a gas can be collected in the jar. * When sufficient gas 
has been collected, first remove the rubber portion of the delivery 
tube, then the Bunsen with spreading flame, and lastly, when the 
iron tube is no longer red-hot, the Bunsen underneath the flask. 

Note. — The water in the flask must be kept boiling while the gas is 
being collected, or water may be forced back into the iron tube and 
cause a slight explosion. If it should cease to boil, at once*remove 
the rubber portion of the delivery tube. 

Test the gas in the jar With a lighted match. It burns with a 
practically non-luminous flame. It is hydrogen. r l urn out the residue 
m the tube and examine it. The turnings or nails now resemble in 
appearance the blue-black substance produced when we burnt iron in 
oxygen (Exp. 28). They, are, in fact, coated with the same substance 
— oxide of iron, and this compound is also formed when iron is heated 
strongly in air (the so-called “smithy scales” which form on the 
blacksmith^ anvil also consist of it). 

(c) Magnesium. 

£xp. 38.-*-Put into some water a piece of magnesium* ribbon, 
scraped so that the surface is quite bright. You will find tlfkt no gas 
is evolved and the metal is not tarnished. 

Exp. 39. — Now repeat Exp. 37, using a coil of magnesium ribbon in 
place of^iron turnings, and replacing the iron tube by one made of 
porcelain or hard glass. You will find that the same gas is evolved 
as in Exp. 37. Examine the rosidue in the tube. It is a white 
substance resembling that obtained by burning magnesium in air of 
oxygen ; it*is, in fact, the same substance — oxide of magnesium. 

• • 

Magnesium then, like iron, reacts with ^water at red 
heat with liberation of hydrogen and formation of oxide of 
magnesium. 

* Before collecting any gas tn the jar you must take care that all 
the air has been driven out of the apparatus. To test this, collect 
some of the gas in a test-tube, and bring it mouth downwards to a 
flame. An •explosion Bhows that air is still mixed with the hydrogen. 
Wait a short time and test again. When the gas ignites with only 
a very slight 14 pop,” you may proceed to fill the jars. Neglect of this 
precaution and want of care In keeping flame* away from the delivery 
tube have qften caused serious accidents, because air and hydrogen 
form an explosive mixture. 
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(d) Copper. 

Exp. 40. —Repeat Exp. 38, using copper instead of magnesium. 
You will find that the copper is not tarnished. 

Now repeat Exp. 37, using copper turnings And a porcelain or 
hard glass tube. No gas will be evolved (after the air has been driven 
out of the apparatus), and on examining the residue in the tube you 
will find that the copper has undergone no change. 

Copper then is not acted upon by water, either in the 
cold or at a red heat. 

The student might continue the experiments with other 
metafc. He would find, for example, that potassium 
would behave like sodium, zinc like magnesium, tin like 
copper, and so on. 

28. Composition* of Water. — We have seen in Exps. 
37 and 39 that iron and magnesium react with steam with 
liberation of hydrogen and formation of the same sub- 
stances which are obtained when these metals are burnt 
in oxygen, i. e. the oxides of iron and magnesium. These 
results can readily be explained if we assume that water 
is a compound of hydrogen and oxygen , for the changes 
which Jiave taken place can then be represented thus : — 

Water (composed of hydrogen and oxygen) acted on by 
a metal yields hydrogen and the oxide of the metal 
(composed of the metal and oxygen). 

If this is the true explanation, then we should be able to 
^obtain water by the combination of hydrogen and oxygon. 

Before attempting to do this, we will investigate a more 
convenient method for the preparation of hydrogen in 
quantity, and will study its properties more fully. 

29 . Preparation of Hydrogen. — 

Exn. 41. — Introduce into a 12-oz. {lank, fitted with safety funnel 
.md delivery tube as shown in Fig. 12, 10 gms. of zinc, and add 180 
c.c. of dilute sulphuric acld. # bubbles of gas will be observed to rise 
at the zinc, and the gas passing out of the delivery tube may be 
collected in glass cylinders as shown, taking the precautions referred to 
in the footnote on p. 35. [Reserve the residue in the flask.] 

* Made by pouring sulphuric acid (“oil of vitriol*') slowly with 
gentle agitation into eight or ten times its volume of cold water. The 
acid is said to be M diluted ” with water. 
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Properties of Hydrogen.— The properties of the gas may 
bo investigated by carrying out the following experi- 
ments — 

Exp. 42. (a)—Take a cylinder of tho gas, and, holding it mouth 
downwards, apply a light. Notice that tho hydrogen burns with a 
pale blue practically lion-luminous flame, and that .the burning takes 
place only at the mouth of tho cylinder, i. e . where it has access to air ; 
also that a lighted taper pushed up into the cylinder whilst the 
hydrogen is burning will be extinguished. 

(b) Hold a cylinder full of the gas mouth downwards for a short 
timo ; then apply a light aud notice that very little of the gag seems 
.to have escaped. 



(o) Stand a cylinder on the bench mouth upwards, without cover, 
for a short time. Test this now with a light. You will find no 
hydrogen there. • 

(d) Take ^ dry cylinder, somewhat smaller than those used for 
collecting the gas, and, holding it; mouth downwards, transfer tin) 
hydrogen from one of the cylinders into it by poolings upwards. The 
hydrogen will rise in the dry cylinder and displace The air from it. 
Now apply a light to the mouth of this cylinder and there will be a 
flight explosion, owing to a small admixture of air during the trans- 
ference, whilst the gas will bu^n and moisture appear on the sides of 
the cylinder. 

Je) Invert a cylinder about two- thirds full of hydrogen (the rest 
being water) in a trough of water. Mark the level of the liquid in 
the cylinder.* After some time examine it again. There is no appreciable 
change in level, showing that if hydrogen dissolves in water at all its 
solubility is only very small. 

bj c, d of Exp. 42 illustrate the extreme lightness of 
hydrogen. 
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30. Formation of Water by burning Hydrogen in 
Air. — 

Exp. 43. — Take the hydrogen apparatus used above, replacing the 
tong delivery tube by a ihorter oue leading to one arm of a U-tubo 
containing calcium chloride. Attach a piece of glass tubing, fccnt as 
shown in Fig. 13, to the other arm of the U-tube. The object of this 
tube is to dry the hydrogen before burning it, calcium chloride being a 
substance which very readily absorbs moisture. * Place some granulated 
zinc (about 10 gms.) in the flask, and add a little dilute sulphuric acid. 
A gentle effervescence of hydrogen will take place, and the air will be 
driven cut. Before we light the hydrogen we must be sure that all the 
air has been expelled from the apparatus by collecting some of tbe 
issuing gas in a teat-tube placed over the^nd of the delivery tube, and 
testing it in the manner already described (see footnote, p. 85). 



•While y.jti are waiting for the air to be driven out of the apparatus, 
fit Up a flask w|th two delivery tubes, one reaching to the bottom of 
the flask, the other just below the <jork, and support it by means of a 
retort-stand and clamp as shown in the diagram. Connect the delivery 
tube which reaches to the bottom of the flask to a tap by means of 
rubber tubing; also attach a piece of rubber tubing to the short 
delivciy tube and allow th& loose end of it to dip into a sink. Turn on 
tli© tap ; water will flow into the flask, fill it, aud then overflow into 
the sink. Leave the tap turned on slightly so that a slow stream of 
water flows through the flask. 


* It is obvious that the hydrogen must be dry, or the experiment 
does not prove that the water which collects in the beaker lias been 
produced by the burning of the hydrogen. 
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When you have lighted the hydrogen jet place the flask in position 
over it as shown in Kig. 13 ; also plane a beaker in tlio position 
indicated. Almost immali itely moisture appears to l»e forming on the 
bottom of the flask, and soon drops of liquid trickle down and fall into 
the beaker. [The reason for keeping a stream of cold water running 
through the flask will now bo obvious. It keeps the flask cool and 
aids the condensation of the liquid formed by the burning of the 
hydiogcn.] 

What is this liquid ? It looks like water. If we examine its 
properties, \^e shall find that (1) it is colourless ; (2) it hftvS no smell ; 
(d) it has no taste ; (4) it does not burn ; (5) it leaves no residue on 
evaporation ; (fi) it has no action on litmus papery ; (7) its density is 
t L (1 c.e. weighs 1 gin.); (8) it freezes at 0* C. ; (9) it boils at 100° C. ; * 
(10) it restores the blue colour to anhydrous copper aulphato. Hence 
we conclude that it is ualcr .* 



When hydrogen , then, burn* in ordinary air it forms water ; 
it was called hydrogen (watour former) on this account. The 
hydrogen must have combined with either the oxygen or 
the nitrogen of the air of with both. From our previous 
experiments (see § 28), we know that it must be with the 
oxygen only . The anticipation made in § 28 that we 
should ba able to obtain water by the combination of 
hydrogen and oxygen lias therefore been realised. The 
experiment described in the following paragraph shows 
how this combination may be brought about in a different 
way. 
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Formation of Water by the Action of Hydrogen on 
Oxides. — 

Exp. 44.- Take a piece nf infusible glass tubing about 30 cms. long 
and say 1 cm. bore, and put into it a layer of dry copper oxide. 
Support the tube in a slightly inclined position as shown in rig. f 14 ami 
oonneot the higher end with a supply of dry hydrogen (prepared 
and dried as in § 67). Connect the other end with a U-tube partly 
immersed in a beaker of water. First the oxide is not heated and 
there is no apparent change ; then it is heated # stiongly, ‘Using a flat- 
jtlttine burner, when it changes gradually into red metallic coppei and 
fa liquid 'collects in ths U-tube which can be proved to be water by 
the usual tests. 

The experiment may be repeated using- litharge (oxide of lead) or 
red precipitate (oxide of mercury). In the former case beads of 
metallic lead collect in the tube ana in the Utter a mirror of mercury 
is produced, whilst in both water oollecti in the U-tube. 

We see, then, that when hydrogen is passed over some 
heated oxides it takes up oxygen, forming water, and leaves 
behind the metal., 

<31. Oxidation and Reduction. — The addition of oxygen 
to a substance is called oxidation . Thus when hydrogen 
burns in' air, when iron rusts or when lead is heated in air, 
oxygen is taken up and the hydrogen, iron and lead undergo 
oxidation. On the other hand the removal of oxygen from 
a substance is called reduction . The removal of oxygen 
from heated metallic oxides by hydrogen as in Exp. 44 is 
ah example of reduction, the hydrogen reducing the oxide 
to the metal. But the hydrogen has taken up tile oxygen 
of the oxide and has therefore!* undergone oxidation , i. e. the 
processes of induction and oxidation have taken place 
simultaneously , and we may lotfk upon changes such as these 
from two points of view: (1) as the reduction of the metallic 
oxide by hydrogen, and (2) as the Oxidation of the hydrogen 
by the metallic oxide. If you refer back to Exp. 12 you will 
see that charcoal also is able to effect reduction or removal 
of oxygen, and you will understand the use of cod or coke 

* The same precautions are necessary here as when the hydrogen was 
caused to barn as a jet ; that in, the issuing gas must be tested to see 
if it is free from air before the tul>e is heated. The apparatus, too, 
should be made air-tight , This latter precaution is very important . 



THE NATURE AND ACTION OiT WATER. 


41 


in the smelting of iron, copper, or other metals from their 
ores. Hydrogen and carbon are spoken of as reducing agent*. 

32. Decomposition of Water by the Electric Current — 
Composition of Water by Volume. — Let us now investigate 
an entirely different method of determining the constituents 
of water. 

It will be instructive to examine first a peculiar pheno- 
menon which appears when metals are placed in dilute acid. 

Exp. 45. — To produce an Electric Current. —For this piypose you 
will require thin clean plates of copper aud zinc,* say about 15 cm" 
long and 10 cm. wids. pin these separately for a moment into a 
beaker containing dilute sulphuric acid, and note »hat the copper 
plate is unaffected, but the bubbles of gan rise from the zinc plate. 
Now withdraw the rinc plate, find dipping ft in still weaker acid, rub 
Jhe surface with a little mercury until it shows a bright lustre. The 
upper part of the plate which stoo l above the iovel of the acid in the 
beaker need not be covered with rasrcnry. Now again dip both the 
plates in Jhe beaker containing acid ; nothing happens at either plate. 
Bring the upper edges of the two plates together ; bubbles of gas rise 
from tho cop^r [dale. Separate the platey and bring them together 
again several times ; the action ceases on separation commences 
again immediately the plates touch. ’ m 

Now connect copper wires by binding screws to the upper edges of 
the two plates. 

Observe (1) that when you keep the wires apart there is no evidence 
of action going on in the beaker, hut that when you bring the ends of 
ths wises together the action is set up just as it was when the edges of 
the plates were brought together, and that now & sm;dl spark appears 
w hen the wires touch. (2) That if you briug a small compass- needle 
just below the wire, and then bring* the ends into contact, the needle 

will be turned aside each time you make contact. 

• 

If you try to do either of those things pimply with two 
pieces of copper wire, you wjll then be convinced that there 
is something present in the wires owing to their attachment 
to the metal plates in tlje acid. Metal plates so arranged 
are called a voltaic cell. By fitting up several of them, and 
joining the zinc in one cell to the copper in the next by 
copper Tgire, and finally attaching two lengths of copper 
wire, one to the copper in the first cell, and the other to 
tho zinc in the last cell, you may fit up a voltaic hattery i and 
produce stronger effects than you can do with one cell. 

* Plates of otl^r metals may be also tried in the same way. 
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There is a third effect that may be shown to accompany 
the passage of the electric current along the wires. 

Exp. 4G — Proi'iirc two pien-s of platinum foil about 5 ems. long and 
13 cun. bjoad. Pink a row of holes down the middle of each and thread 
the terminal ends of the wires through them, Tako now n small 
honker ot distilled water and dip into it the two platinum plates (they 
aie called tied ro<ks) ; nothing happens. Add a few drops of dilute 
sulphuric, acid to the water; bubbles of gas rise freoly from both 
electrodes. • 


* The current of electricity is unable to pass through 
pure water and inako itself felt, bujb it can pass through 
acidulated water. l>y a suitable arrangement the gases 
evolved may he colleafted and examined. 



j 




Exp. 47.- Take a large hell jar and paste* a thin atrip of paper 
lound the «ddo ot it about half-way up, artanging so that the two ends 
meet and form a circle round tin jar. With a sharp tile scratch a line 
just above the &trip ©f paper (winch enables you to keep the line 
straight). When the s4H akji forms a complete circle take a glass rod, 
heat the end iv^-hpt in a Jhinsen ilaine, and tonch the sciatcli with it. 

r. The jar will break into two halves. Tak* 

the upper half and nib tin* roiigh'edge with 
coarse emery paper till it is smooth. 

Now take two pieces of platinum wire 
about 6 inches long and attach them to two 
pieces of platinum foil of the size mentioned 
in Exp. 46 (in the way described there). 
Fuse the wires into pieces of narrow glass 
tubing about 3 inches long, ns shown in 
Fig. 15. Procure a two-holed rubber cork 
which fits* the jar, push the glas9 tubes into 
it, and insert the cork (see diagram). 

Now pour water, to jvhich a little dilute 
sulplmiic acid has been added, into the jar 
J till the electrodes are covered ; also fill two 

Jr test-tubes witif the same liquid ami invert 

* litem over the electrodes. Connect the 

wiios by binding screws with the lends 
from a lottery of 3 or 4 drove’s gells. As 
soon ns the connection is made gas is seen 
to riso from the electrodes and collect in the tubos. Further, the 
volume of gas collecting over the electrode connected with the zinc 
plate of the battery (called the nrgaLUe pole) will be found to be twice 
that collecting over the electrode connected with the platinum plate 




Fin. 15. 



THE NATURE AND ACTION OF WATER. 


43 


* 

(which corresponds to the copper plate of our simple cell and is called 
the jw'iilive pf'le). Examine the gases with a lighted splint of wood; 
you will find that the gas collected in larger quantity is h yd royt n, that 
m smaller quantity v.rytjui. 

Subject to the possibility that it is something in the 
sulphuric acid with which we are at present insutliciently 
acquainted that gives us the hydrogen and oxygen, we 
should conclude that water yields by its decomposition 
hydrogefi and oxygen, and further that it is composed of 
these two elements in the proportion of two to one hit volume. 
That this is the case may be conclusively proved by thb 
folio wi ng experiment f — 

Exp. 48. — A long graduated gla^j tube (railed a eudio- 
jncter), having two platinum wires passed 
into it near one end, which is closed (Kig. 16), 

>s taken and tilled with mercury and in- 
verted *in mercury. Some hydrogen is 
passed in, and then exactly half the v^umo 
of oxygen. t On connecting the* platinum 
vires with a battery and induction coil and 
passing an electric spark through the mixture 
there is an explosion. After a time wo find 
the mercury fills tho entire tube. This 
proved that the gases have completely com- 
bined and that they were present in the proper proportions 
to forn^ water. Cavendish was the first to establish this 
fact (1781). 

• 

Wo have now determiner] the quantitative composition 
of water in two- ways: in -Exp. 47 by decomposing it into 
its constituent elements, t. <?. by analysis, in Exp. 48 by 
combining the constituent elements, i. e. by synthesis. 

* The student is not advised to perform this experiment. 

t The most convenient way is to use the mixture of hydrogen and 
oxygen jfroducod by tho elcctiolysis of water* The gases are then 
present in the correct proportion. 
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QUESTIONS.— CHAPTER IV* 

1. What happens when dilute sulphuric acid is poured 

upon zinc t How would you collect the gas given 
off? Sketch the apparatus you would use. Deseiibe 
experiments to show that it is a very light substance. 

2. llow would you prove conclusively that when hydrogen 

burns in air water is formed 1 

3,. Describe all that you may see when a piece of sodium 
is thrown on water in a dish. How does the water 
differ, after the sodium has disappeared, from pure 
water 1 

4. What metals are known to you capable of decomposing 

water? How do they act respectively? Sketch the 
apparatus that would be required to collect the 
hydrogen evolved by the use of any one of these 
metals. 

5. How h.ts the co^nptsition of water by volume been 

established analytically and synthetically? 

6. Describe how you would proceed to prepare water from 

a metallic oxide by the action of hydrogen. Sketch 
the necessary apparatus. 

7. What do you understand by the terms oxidation and 

reduction. Give examples of these processes. 



CHAPTER V. 

ACIDS, SALTS, BASES. 

33. Properties of Acids. — 

(a) Sourness. • 

** Exp. 49 (a). — Introduce mu drop of dilute * hydrochloric acid ( spirit of 
sail) and one drop of dilute sulphuric acid respectively into clean teat- 
tubes and nearly fill the tubes with water. Shake up and then taste 
the liquids. They are sour. 

Vinegar also is sour, Sournes8 m is m * characteristic pro- 
perty of a large class of bodies called acids. « 

• •> 

( b ) Action on Litmus . 

Exp. 49 (b). — Pour a little dilute hydrochloric acid and a little dilute 
sulphuric acid into separate beakers and dip pieces of blue litmus paper 
into them. The colour changes to bright red . 

(c) Action on Metals. 

' ' » 

Exp. %9 (c). — Fill a test-tube about one- third full of dilute snlph uric 
acid and introduce some email pieces of magnesium ribbon. Notice > 
that there is a violent effervescence of gas and that the tube soon 
becomes warm. After a short time apply a light to the mouth of 
th<> tube. The gas - ignites with a alight explosion and burns with an 
almost non-luminous flame. It is hydrogen. 

You may find that whep most of the magnesium has dissolved 
colourless crystals separate out in the tube. If they do not, filter 
the liquid, evaporate to small bulk inP a porcelain dish, and allow 
to cool Colourless crystals separate out. These consist of a substance 
called nmgnesium sulphate. Magnesium has taken the place of the 
hydrogen of the acid. Instead of sulphuric acid and magnesium, we 
have now hydrogen and magnesium sulphate. 

• "Dilute" hydrochloric acid is obtained by adding two or three 
volumes of water t^oue volume of the strong acid. 

45 • 
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Exp. 49 (d).— We have already found in Exn. 41 that hydrogen is 
evolved by the action of dilute sulphuric aciu on the metal zinc. 
Examine the residue in the flask (which you have reserved). You will 
observe that colourless crystals have separated out. These consist of 
white vitriol or zinc sulphate . The zinc lias replaced the hydrogen of 
the acid, with formation of zinc sulphate. 

In order to obtain the zinc sulphate free from metallic particles, pour 
a little water into the flask and warm till the crystals dissolve. Now 
filter, evaporate the filtrate slightly and cool. Crystals separate out. 

Similar results are obtained if iron is treated with 
dilute splphuric acid ; also if hydrochloric acid or acetic 
acid is used with any of these metals instead of sulphuric 
acid. Here, then, we have a third characteristic of an 
acid, namely, that it acts upon certain metals, such as iron, 
zinc, and magnesiunf, with liberation of hydrogen and 
formation of crystalline substances. 

34. Salts. — The crystalline substances produced by the 
action of metals on acids are termed salts. Let us see 
whether or not the^ behave like acids towards litmus. 

Exp. 5(1 — FiUer'off the crystals of magnesium sulphate obtained 
Exp. 49 (c). Wash them carefully * with a little water* and then 
dissolve in water. Test the solution with (1) blue litmus paper, (2) 
red litmus paper. You will find that neither is affected ; i. e. magne- 
sium sulphate is neutral to litmus. 

Repeat the experiment with the crystals of white vitriol obtained in 
Exp. 49 (d). You will find that white vitriol is also neutral to litmus. 

The replacement of hydrogen in sulphuric acid 1) y mag- 
nesium or zinc has removed from the acid one of its 
characteristic properties— that" of turning blue litmus red. 
The salts derived from other acids are also neutral to 
litmus in the majority of cases. Since, then, an acid is no 
longer an acid after its hydrogen has been removod, it 
follows that hydrogen is an essential C 07 istittient of acids . 

The salts derived from sulphuric acid are called sulphates ; 
those from hydrochloric acid chlorides; those from nitric 
acid nitrates ; and so on. 

* The success of this experiment depends upon the care with which 
the crystals are washed. Unless the adhering acid is completely 
removed the solution of the salt will of course be acid to litmus. 
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35. Formation of Acids from Non-metals. — 

Exp. 51. — Burn some sulphur in air as in Exp. 24. Remove the 
deflagrating spoon, pour a little water into the jar, drop in a piece of 
blue litmu9 papier and at once cover with a greased glass plate. Shake 
up. Notice that the white fumes disappear and the blue litmus is 
reddftned, showing that an acid has been formed. Invert the jar in a 
trough of water and remove the glass plate ; the water rises in the jar. 

Pour a little of the acid liquid in the jar into a porcelain basifi and 
boil it. Notice that after a time the smell disappears. Now teat the 
remaining Jjquid wifcH blue litmus paper ; the litmus is not affected. 

The results obtained in the previous experiment are in 
accordance with the following explanation : — The sulphur 
in burning combines *with oxygen to form an oxide of 
sulphur — sulphur dioxide. This substance is a gas which 
dissolves very readily in water, with which it combines 
^forming an acid — sulphurous acid. [That sulphur dioxide 
alone is not an acid is proved by the fact that when 
quite dry it does not affect dry litmus paper; it is only 
when tlfe gas is dissolved in water that it acquires acid 
properties : therefore in all prqbability the solution 
contains a compound of sulphur dioxide and water, though 
such a compound lias never been isolated.] The Tj&ter rises 
in the jar to take the place of the oxygen which has been 
removed. 

The effect of boiling the acid solution is to decompose 
the acid present and drive off the sulphur dioxide in the 
form of gas. 

You might similarly repeat Exp. 19, and show by means 
of litmus solution that the. water in the trough becomes 
acid. Here the white powder formed by the combination 
of phosphorus with the oxygen of the air (phosphorus 
pentoxide) dissolves in the water, and unites with it to form 
an acid — phosphoric ac$. This is a general property of 
non-metals, t, e. they combine with^oxygen to form oxides, 
which unite with water with formation of acids. Such 
oxides arp called acidic oxides . 

36. Alkalies: Caustic Soda, Sodium Hydroxide. — We 
have already learnt (Exp. 36) to recognise this class of sub- 
stances by the use of litmus solution. They possess the 
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property of restoring the colour to litmus which has been 
reddened by the addition of acid. But they have another 
important property which we shall now examine. 

One of the most important substances belonging to this 
class of bodies is that known as caustic soda . * 

Caustic soda is a substance of considerable interest and 
importance, and is manufactured in large quantities for 
various purposes, but especially for soap-making. We met 
with it when describing the behaviour of sodium towards 
water. 

Exp. 52. — Examine a piece of caustic soda and observe that — 

(a) It is a white solid, but docs not sc era to be crystalline. 

(b) If left exposed to the air, it becomes moist, that is, it de- 

liquesces. It would, if left long enough, run down to a 
liquid. It absorbs moisture from the ah. Such bodies 
are termed hygroscopic or deliquescent. mm m 

(c) It dissolves very readily, as do most deliquescent bodies, in 

water, and considerable heat ia developed during solution. 
The liquid thus formed has a sonpy feeling. »■ 

( d ) This solutiorf turns reddened litmus blue. 

Carefully add to this bhie solution a solution of hydrochloric acid 
until thg colour just becomes red. (The hydrochloric acid ia conveni- 
ently run t m from a long tube with c stop-cock at the bottom called a 
burette.) We have now, as it were, balanced the alkali with acid. 
The slightest quantity of caustic soda solution will change the colour 
to bltie again. We have hero practically a neutral solution. How 
does it differ from the acid a r U the alkali? „ 

Boil it down to dryness. Notice that the solid produced is not like 
caustic soda. Taste it You will recognise it as common salt. 

The salt has been produced by t ho replacement of the 
hydrogen of the acid by the metal sodium, i. e. it is the 
sodium salt of hydrochloric acid, or sodium chloride. Here, 
then, we have a second method of preparing salts, namely, 
by the notion of an alkali on an acid. 

An alkali is a substance which possesses the jtroperty of 
restoring the blue colour to reddened litmus , and of neutralising 
acids with formation of salts. 

Caustio Potash, Potassium Hydroxide, may be 'examined 
m the same way as was caustic soda. It is an exactly 
similar body, and could not be distinguished from it by 
ordinary means. It, too, will neutrnlise acids, and when 
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hydrochloric acid is used a salt termed potassium chloride is 
formed, which resembles common salt very closely, but may 
be distinguished from it by its taste. 

37 ; Action of Water on Oxides of the Metals. — 

Exp. 63. — Introduce a piece of sodium about the size of a pea into a 
deflagrating spoon, heat iu a liunBen flame until the metal ignites and 
then lower into a jar. The metal continues to burn, forming a dirty- 
white solid — oxide of sodium. * Pour in aome water ; the substance 
dissolves. Test with red litmus paper ; the colour changes to blue, 
t. 6. the solution is alkaline . 

• 

. Here we have an oxide of a metal dissolving in water to 
form an alkali — the substance in solution is in fact caustic 
soda, and is formed by the combination of the oxide of sodium 
with water. * 

.~*Exp. 64. — Moisten several pieces of red litmus paper and place on 
them small quantities of the following metallic oxides (finely powdered): 
quicklime, litharge, magnesia, red precipitate, black^oxide of copper, 
red oxide flf iron (rouge). You will find that quicklime turns the 
litmus bright blue, litharge, magnesia, and r*d precipitate iurn it 
slightly blue, whilst the oxides of copper anti iron do not affect it. 

$Tow shake up some of eaoh of these oxidos with* wilier, f^Jter and 
evaporate the filtrates to dryness. You will find that only ip the case 
of lime is 'there any appreciable residue, i. e. only lime is soluble in 
water to any great extent. The other oxides which change the colour 
of the litmus can, however, be shown to be slightly soluble in water. 

Oxides of metals, then, if they dissolve in water at all, 
give rise to alkalies, if not they behave as neutral bodies. ^ 

38. Action of Metallic Oxides on Acids — Bases. — 

Exp. 66. — Add finely-powdered black oxide of copper gradually to a 
little dilute sulphuric acid, shaking up after each audition. The oxide 
dissolves at first, forming a blue solution, and if you te9t the liquid 
from time to time with Dine litmus paper you will find that the red 
colour formed becomes gradually less vivid, showing that the acid is 
being gradually neutralised. # After a time no more oxide dissolves, 
and if the liquid is filtered and the lilt Ate allowed to stand, blue 
crystals separate out 

The crystals obtained in Exp. 55 consist of copper sul- 
phate, a salt derived from sulphuric acid by the replace- 
ment of the hydrogen by the copper of the copper oxide. 

* Or more correctly a mixture of two oxides. 

T. OHBM. I. # 1 
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At the same time the hydrogen of the acid and the oxygen 
of the copper oxide unite to form water. 

Most metallic oxides will be found to behave in a similar 
way towards acids. Further, if the salts form6d are strongly 
heated in air they very frequently undergo decomposition ; 
acid fumes are produced, and a residue of metallic oxide 
remains. It was on this account that metallic oxides were 
called “ bases 99 by the early chemists, the oxide being the 
base of the salt, i. e. the residue remaining when the salt was 
strongly heated. The term is still applied to metallic oxides, 
which are also called basic oxides ; it is also applied to com- 
pounds of metals with hydrogen anjl oxygen, i. e. to metallic 
hydroxides (caustic soda and caustic potash are examples). 
The terms acid, and Ralt are concisely connected 

together in the following statement: — 

Acid 4* Base yield Salt *f Water. 

A few bases which dissolve in water, forming solutions 
which turn red litmus blue (e. y. caustic soda), lare called 
alkalies, so that au alkali is a particularly active kind of 
base. 

39, Metals and Non-Metals. — There is little tfifficulty in 
recognising the commoner metals by means of their physical 
properties ; they are generally heavy, solid, and opaque, 
good conductors of heat and electricity, and when •freshly 
scratched or cut exhibit a characteristic lustre. Similarly 
the common non-metals (i, e, the elements which are not 
metals) are easily recognised because their properties are in 
general the opposite of those just mentioned. Thus iron 
and silver are unmistakably metals, and phosphorus and 
oxygen non-metals. But in the ease of dome elements it is 
very difficult to say whether they are metals or non-metals; 
as one element may at the sam& time exhibit properties 
belonging to both classes. 

From the chemist's point of view, however, an examin- 
ation of the chemical properties of an element provides a 
more definite distinction than that of its physical properties. 
We have *een above that some elements form basic oxidos, 
whilst others give rise to acidic oxides, and that the former 
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property is characteristic of the metals and the latter of the 
non-metals. This distinguishing chemical property along 
with others ^considered in the following list : — 

Characteristic Chemical Properties of Metals.— 

(1) Metals form basic oxides. 

(2) Metals usually dissolve in dilute mineral * acids with 
evolution of hydrogen. 

(3) Metals either do not combine with hydrogen or form 
unstable compounds with it. 

. Characteristic Chemical Properties of Non-Metals. — 

(1) Non-Metals formhcidic oxides. 

(2) Non-Metals are not acted upon by dilute mineral acids. 

(3) Non-metals usually form stable compounds witii 
hydrogen. 

The metals are also distinguished by the fact that when 
exposed fo air or oxygen, especially when heated, they 
usually lose their brightness of surfac^And become dull; 
the non-metals either undergo no chrfnge at alitor are acted 
upon much less readily. ‘ « 

We hi\ve already mentioned that the two classeS exhibit 
distinct physical properties, by which they are popularly 
distinguished. 

Characteristic Physical Properties of Metals. — 

(1) They are solids at ordinary temperatures (except 
mercury)* 

(2) They reflect light well* especially at a polished or 
freshly-cut surface; in short, they possess a pronounced 
lustre. 

(3) They are often capable of being hammered into plates 

or drawn into wire; in*othor words, they are malleable 
and ductile. » 

(4) They have usually a high specific gravity. 

(5) Thqy are good conductors of heat and electricity. 

(6) Thoy are volatilised, as a rule, only at very high 
temperatures. 

* Mineral acids are acids which Am derived from mineral matter, 
such as hydrochloric sulphuric acids. 



52 


ACIDS, SALTS, BASES. 


Characteristic Physical Properties of Non-Metals. — 

(1) They may be gases, liquids or solids at ordinary 
temperatures. 

(2) They do not, as a rule, reflect light well. 

(3) They are brittle if solid. 

(4) They generally have a low specifio gravity. 

(5) They are usually bad conductors of heat and 

electricity. , 

(6) Those which are not gases at ordinary temperatures, 
are transformed into the gaseous condition at comparatively 
low temperatures, except in three notable cases, viz. carbon; 
silicon and boron. 

Each of these properties may be exceptionally absent, 
and must be accepted as only indicating generally the 
characters of metals when compared with non-metals. It 
cannot be said that they furnish a means of drawing a 
sharp lino of demarcation between the two clashes. Gold 
and platinum may* be precipitated as black powders, though 
they regain their lustre on being burnished by rubbing 
with a f piece of smooth agate or steel. The non-metals, 
silicon, boron, iodine, and carbon in the form of diamond 
and graphite, possess lustre, which differs, however, from 
the peculiar lustre which can only be described as “metallic/ 1 
Again, some metals have quite low specific gravities ; 
ljthium, sodium and potassium, for instance, are lighter 
than water, and the specific gravities of magnesium and 
aluminium are only 1*75 ^nd 2*6 respectively, whereas 
that of platinum is 21*5 ; on the other band, diamond has a 
specific gravity 3 '5, t. e. it is twice as heavy as magnesium. 
Carbon, in the form of graphite, is a good conductor of both 
heat and electricity. The three elements carbon, silicon, 
and boron are conspicuous from the fact that they are more 
difficult to volatilise than any of the metals. 

There are a few elements which cannot satisfyustprily be 
placed in either class. Thus arsenic and antimony, in their 
physical properties, resemble the metals, since they have 
a metallic lustre and are good conductors of heat and 
electricity; in their chemical properties, however, they 
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resemble the non-metals ; for they form acidic oxides and 
are insoluble in dilute mineral acids. Such elements are 
called metalloids. 

Hydrogen, again, is another element which is difficult to 
classify. Its physical properties (except the fact that it 
conducts heat) and some of its chemical properties place.it 
amongst the non-metals ; but, since metals will displace 
hydrogen from acids and will also displace other metals 
from their salts, hydrogen might be considered to be a 
metal. It is best to put it with the metalloids. * 

In the list of elements at the end of Chapter VI J I. the* 
non-metals are indicated by italic type. 


QUESTIONS.— CHAPTER V. 

• 

1. What is a salt 1 How would you prepjfre the following : — 

. (1) potassium chloride from caustic potash ; (2) copper 

sulphate from black oxide of copper 1 • 

2. What are the distinguishing characters of acids ? 

Describe the experiments you would perform in order 
tp illustrate them. 

3. Describe the properties of any common alkali known to 

you. Mention also two other examples of alkalies.. 

4. Describe how you would proceed to investigate the 

action of water on the following oxides : — sulphur 
dioxide, quicklime, oxide of phosphorus, black oxide 
of copper, litharge. State the results you would 
obtain. Into what classes would you be led to divide 
oxides as a result of your investigations 1 

5. Into what two classes may •elements be divided) 

What fibre the characteristic properties of each class ) 

6. What* are metalloids f Illustrate your answer by 

discussing examples. 

7. State fully how you would proceed to investigate 

whether a given solid substance was a metal or a 
non-metal. « 
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8. Describe some experiments to illustrate the chief 

properties of some common alkali known to you. 

9. A solution of caustic soda is gradually added to a little 

hydrochloric acid to which a little litmus solution has 
been added. State and explain the colour-changes 
which take place. 

10. Explain why the early chemists called the oxides of 

the metals bases. 

Describe an experiment to illustrate the action of an acid 
on a base* 



CHAPTER VL 

CARBON DIOXIDE. 

40. Action of Heat on Chalk. — * 

Exp. 66. — Place a little powdered chalk in a porcelain crncible and 
weigh the whole. Wold in the crucible a glaae rod with a drop of 
lime-wataj on the end ; the lime-water remains clear. Heat the powder 
to bright redness for a few minutes and then test again with lime- 
water ; it becomes milky, showing that a gas*is present in the tube 
which was not there before. Continue the heating for a few minutes 
longer, allow the crucible to cool in the desiccator tfnd*rewejgh. You 
will find that there is a Joes in weight. Test the white residue with 
damp red litmus paper ; the colour changes to blue, i e. the residue 
lias an alkaline reaction. Similarly test the chalk and note that it 
does not affect litmus. 

* 

We may conclude from this experiment that when chalk 
is heated it breaks up into a colourless gas which tuims 
lime-water milky, and a white solid which behaves as an 
alkali. The loss of weight* is due to the removal of the 
gas, which is called carbon dioxide , the alkali is quicklime . 
Chalk is therefore a compound of quicklime and carbon 
dioxide. Limestone, marble, and shells break up in a 
similar manner on heating; hence they are composed of 
the same two substances. • 

41. Preparation of Carbon Dioxide. — The method we 
have adopted in Exp. 56 is not the readiest means of pre- 
paring carbon dioxide from chalk or limestone. The gas 
is evolved much more easily by the action of a dilute 
acid — preferably •hydrochloric acid. 

56 
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Exp. 67. — Put some lumps of limestone or chalk into ft flask of 
suitable capacity — say half a litie. Fit with a thistle funnel reaching 
nearly to the bottom, and a delivery tube bent twice at right angles. 
Connect this .with a WoullFs bottle containing a little water bo that 
the tube dips well into the liquid. The water will dissolve any hydro- 
chloric acid (which U itself a very soluble gas) that may accoifipany 
the dioxide (see Fig. 17). Convey the “ washed” gas to the bottom 
of the collecting jars, etc.; while filling cover their mouths with 
cardboard. Pour in sufficient water to cover the limestone ; then 
add through the funnel some dilute hydrochloric acid. Collect three 



jars of tlid, gas and allow the rest to bubble through a little distilled 
water. 

To Bee when each jar is full, hold a lighted match near its mouth, 
when the heavy overflowing gas will extinguish the flame. 


•Properties of Carbon Dioxide. — 

Exp. 68 ^a). — First show that thp colourless gas you have collected 
is carbon dioxide by adding a little lime-water to one of the jars 
and shaking up. The characteristic milkiness will appear. 

(b) .— -To demonstrate its heavy nature. — Set a wide boll-jar in 
an inverted position. Sprinkle a smal^ handful of powdered chalk 
or “ whiting'* in the bottom and pour upon it some dilute hydro- 
chloric acid. A considerable amount of the gas is quickly evolved, 
and an ordinary soap-bubble dropped into the jar will float where the 
gas and air meet. 

(c) . -—Its effect upon burning bodies.— Pour a jar of the gas into 

another and wider jar in the bottom of which a bit of candle is burn- 
ing. The flame is extinguished. The experiment further illustrates 
the high density of the gas. & 
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It has been found that air, 2*5 per cent, only of whose 
oxygen has been converted into carbon dioxide, will not 
allow ordinary bodies to burn in it. On this account 
various vessels containing carbon dioxide under pressure 
have been designed for the extinction of fires. 

Exp. 58 (d). — Iti solubility in water. — Divide the water through 
which the gas bubbled into two parts. 

Id part. Taste this ; then test it with a blue litmus paper. The 
reddening shows the presence of acid although the liquid is not 
distinctly sour. The gas itself was formerly called 11 car bon i<k acid M ; 
but the dry gas does not affect a dry blue litmus paper, hence the 
'term is & misnomer. Heat }he liquid until it boils, and continue the 
boiling for a few minutes. Observe that during the heating gas 
bubbles rise through the liquid and escape. Now test agaiu with blue 
litmus Daper. The colour is not affected. Evidently carbon dioxide 
i& soluble in cold water, and apparently the gas and the water unite 
•to form an acid, but this acid is very unstable, and breaks up again 
into carbon dioxide and water on heating ; the carbon dioxide escapes, 
being insoluble in boiling water. 

2nd part . — Add a little lime-water. The liquid becomes milky, 
proving the presence of carbon dioxide. * 

Now test the liquid you have boiled (1st part) witfy lii$>e«watcr. No 
precipitate should appear, confirming the fact that boiling haa*expelled 
the gas. * * 

42. Carbon Dioxide formed when Charcoal, Wood, etc., 
burn. — 

Exp. (fo. — Burn some charcoal in oxygen as described in Exp. 26. 
Pour a little lime-water into the jar and shake up. The lime-water 
becomes nylky, showing that the carbon dioxida baa been formed. 
Also burn charcoal in air as described in Exp. 10. Prove that carbon 
dioxide is being evolved by holding o glass rod with a drop of lime-water 
on the end in the inoutli of the crucible. 

It is clear, then, that charcoal when it burns combines 
with oxygen to form carbon dioxide, t. e. carbon dioxide 
is (as itsoimne implies) a'compound of carbon and oxygen 
(charcoal is a form of carbon). Carbon dioxide is also 
formed when substances such as wood, coal, paraffin, etc., 
which corftain carbon in large quantities, are burnt. 

Exp. 60. —Fasten a match on to a piece of wire, ignite it and lowei 
it into a small gas-jar. When the flame goes out prove the presence 
of carbon dioxide in the jar by means of lime-water. Similar experi- 
ments may be performed with a piece of candle, etc. 
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We have proved in Exp, 59 that carbon dioxide is a 
compound of carbon and oxygen. This being the case it 
should be possible to recover the carbon from the gas if 
we can find a substance which has a stronger attraction 
for oxygen than carbon. Such a substance is metallic 
magnesium. 

Exp. 61. — To extract the carbon from carbon dioxide. — Ignite a 
strip of magnesium ribbon tied to a deflagrating spoon, and plunge it 
into the gas. The metal continues to bum, and, on e lamination of 
,the solid formed, white magnesium oxide will be found together with 
black specks of carbon. 

On the other hand most metals 'have less attraction for 
oxygen than carbon. , We have had an example of this iu 
Exp. 12, where carbon removed oxygen from litharge, forming 
carbon dioxide and leaving metallic load. 

43. Formation of Carbon Dioxide by Liying Or- 
ganisms. — 

Animals. -f-The food material of animals — such as meat, 
vegetable tissue, sugar, etc. — contains & considerable 
quantity of carbon. As the food undergoes decomposition 
in an animal's body, much of the carbon unites with 
oxygen in its blood derived from the air through the 
medium of its lungs. Carbon dioxide is thus formed, and 
ie returned to the air through the same medium. Its 
presence may be readily detected in expired breath by 
blowing through a tube dipping into some lime-water. The 
lime-water soon becomes milk^. [Try the experiment.] 

Plants. — (1) Respiration in plants is a similar, but slower, 
oxidation process. The stored starch id broken up, and 
carbon dioxide is expelled into the air as a result. This 
process is not confined to the grefcn parts of plants, and it 
goes on by night m Veil as day ; but it is only under 
certain special conditions that this can be detected easily. 
Germinating seeds, however, Bhow it well. * 

Exp. 62 (a). — Suspend a thermometer with its bulb in some wheat, 
oats, or peas, etc., placed in a funnel and kept damp* They presently 
germinate or " sprout,*' and will be found to be of a higher temperature 
than the surrounding air. a 
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The rise in temperature is evidence that chemical change 
is taking place. 

Exp. 62 (b). — Place a small vessel cod taming lime-water amongst 
some of the germinating seeds when transferred to a beaker. Cover 
tho beaker with a glass plate. The lime-water speedily becomes milky. 

This experiment proves that daring the chemical change 

carbon dioxide is formed. 

• 

(2) In fermentation such as occurs in breweries, minute 
unicellular plants which form the yeast contain in their* 
cells a substance which* decomposes dissolved sugar. The 
break up of the sugar gives rise to largo quantities of 
cAibon dioxide as well as alcohol. » 

• Exp. 62 (c).— Half fill a large flask with water moderately sweet- 
' enbd with common browto sugar. Add some brewer's yeast ; then fit 
the flask with a oork and a delivery tube leading into some lime-water, 
and stand it in a warm place. Carbon dioxide will be slowly expelled 
and give its characteristic reaction. 


QUESTIONS.— CHAPTER YL 

1. Describe how you would prepare and collect a few jars 

of carbon dioxide. Sketch the apparatus you would 
use, and explain the use of each part. What experi- 
ments would you perform in order to illustrate the 
chief properties of the gas 1 

2. In what different ways can carbon dioxide be obtained] 

3. Describe how you would proceed to investigate the action 

of heat on chalk. 

4. Describe an experiment by which you could obtain free 

carbon from carbon dioxide. * 



CHAPTER VII. 


CONSERVATION OF MATTER— LAWS OF DEFINITE AND 
„ MULTIPLE PROPORTIONS. 

44. The Conservation of Matter — With the aid of the* 
chemical balance we are now in a position to approach a 
question of very great importance which aa yet has not 
been touched upon. During the changes which are con* 
tinually being observed by chemists, is there any reason, to- 
suppose that matter may be actually destroyed or created 1 

Let us investigate the problem by experiment. • 

Exp. 68 (a).~Take* a clean, dry litre flask, and fit it with a good 
cork. Cut of from a stick of ordinary phosphorus a piece of about 
the size a pea, taking care to perform this operation pnder water. 
Dry the piece of phosphorus with filter paper, place it in the flask, 
fit in the cork, and weigh the whole. Now ignite the phosphorus by 
dipping the flask into hot water. The flask will soon be filled with 
white tames of oxide of phosphorus. When the flask is cool, wipe it 
dry and weigh again. The weight will be found to be the* same aa 
before. 

•(b) Take two small beakers. Four into one a little copper sul- 
phate solution and into the other a little caustic potash solution. 
Weigh the two beakers together. Now pour the caustic potash into 
the copper sulphate, taking care not to lose any liquid. A bulky 
precipitate forms. Evidently chemical change has taken place. Weigh 
the two beakers again together. The weight is the same as before. 

It is clear that in these two experiments there has been 
no creation or destruption of matter but merely a redis- 
tribution. A vast number of experiments conducted on 
similar lines have led chemists to the conclusiQn that in 
the course of chemical operations matter ie neither destroyed 
norcreated.Q This statement is called the Principle of Con- 
servation of Matter : and is one of the fundamental prin- 
ciples of the science of ohemistry. ^ 

• 60 
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45. Mixtures and Compounds. — We may bring together 
sand and sugar, or common salt and soot, etc., in any pro- 
portions we please y and the first mixture will be the sweeter, 
and will dissolve in water the more freely the greater the 
proportion of the sugar is ; the latter, with a predominance 
or soot, will be very dark in colour, and with a predomi- 
nance of salt may be only faintly grey. An infinitely 
large number of mixtures could be made, all slightly 
differing ih taste and appearance, and also in respect of 
the extent to which the mixture will dissolve in water. In 
any of the mixtures you might, however, by very simple 
means recognise the sand and the sugar, or the soot and 
the salt, and it is also an easy matter to separate them, e . < 7 . 
by shaking up with water and filtering, when the sugar or 
salt dissolves and passes through the filter, whilst the sand 
or soot remains on the filter (compare Exp. 35). 

Exp. 64.— Mix together intimately seven parts by weight of finely- 
powdered iron and four parts of flowers of sulphur. Heat one-half of the 
mixture over a Bunsen burner in a small porce^m crucible for a few 
minutes with the lid on. Allow to cool, and powder some of the pro- 
duct ve xj finely. Compare with the rest of the mixture: you will 
notice a difference in colour. Draw a magnet through erch of the 
powders. ' You will find that iron is extracted from the mixture which 
has not been heated, and a residue of sulphur remains. No iron can, 
however, be extracted from the substance formed on heating by means 
of a magnet; a chemical compound has been formed. Snake up a 
little of each of the powders with carbon sulphide. Filter. Allow 
the filtrate to evaporate. In the case of the mixture a residue of sul- 
phur remains, but there is no lesidue * in the case of the compound. 

Drop a little of each of the powders into some dilute sulphuric acid 
contained in separate test-tubes. Note that in the case of the mixture 
hydrogen is evolved and a residue of sulphur remains, whilst in the 
case of the compound an evil-smelling gas (sulphuretted hydrogen) is 
evolved, and no residue * remains. 

In tho mixture of i$on and sulphur, then, the two 
elements retain their individual properties, iron its mag- 
netic properties and its solubility in dilute acid with evolu- 
tion of hydrogen, sulphur its solubility in carbon bisulphide, 
and insolubility in acid ; in the compounds, on the other 
hand, these individual properties of the two elements are 

• There may be a slight residue of sulphur owing to the incomplete 
combination of the irau and sulphur. , 
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completely lost. The constituents of the mixture* can 
readily be separated by making use of their individual 
properties, but the constituents of the compound cannot 
be separated in this way. ^ / 

Similar experiments with other substances lead to 
similar results, and we may define a chemical compound as 
a substance produced by the x mion of two or more simpler 
substances in such a way that the individual properties of 
the constituents have disappeared . We shall iif the next 
paragraph investigate a very important property of cherni- 
4 cal compounds. 

46. Law of Constant Proportion, — 


Exp. 65 (a). — Composition of Oxide of Magnesium. — Weigh a clean, 
dry porcelain crucible with its lid. Measure off 12 cms. of brigtd 
magnesium ribbon (scrape the ribbon with a knife if it is not brightj, . 
roll it up loosely And place in the crucible ; then weigh the whole. Fix 
securely on a pipeclay triangle and tripod. Heat the closed crucible 
sufficiently to cause the metal to bum when the lid is slightly raised. 
Do not let any whit^ fumes escape. When the burning has nearly 
ceased remove the lid, but continue to heat for a few minutes longer. 
Cool and weiglf tbte whole again. Now reheat for a short time, cool, 
and reweigh. If the weight has changed, you must repeat /he heating, 
cooling, and weighing till two consecutive weighings are the same, 
showing that the change is complete. 

Tabulate your results liko this : — 


Weight of crucible, lid, and magnesium 
,, crucible and lid 


grammes. 


,, magnesium. « == 

„ crucible, lid, and magnesium oxido (1) ... = 

>» i» 9 » ?» »» (2) \ s 

and (3) (constant — suppose) / 

,, magnesium oxide ■-= 

Increase in weight of metal, i. e. weight of oxygen -- 

Weight of oxygen combined with one part by weight of magne- 
sium; i. e. • 

Weight of oxygen _ 

Weight of magnesium 

Now repeat the whole experiment, using a different weight of mag- 
nesium. 


You will find that, however many times you perform 
the experiment, you will always obtain the same result 
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on calculating out the weight of oxygen which combines 
with one part by weight of magnesium. 

Let us now prepare oxide of magnesium from magne- 
sium in another way and see whether the proportions 
of oxygen and magnesium are the same as before. 

Exp. 65 (b). — Roll up a piece of magnesium ribbon about the saihe 
length as you used in the previous experiment Ph*ce it in a beaker 
containing some dilute sulphuric acid, and immediately cover the 
beaker witlwa watch glass so that none of the liquid is lost by spirting. 
When the metal is all dissolved, wash the watch glass with a little 
distilled water, and allow the washings to run into the beakor : f any of 
the liquid which 9 pirted on to the watch glass is thus returned to the 
beaker. Now adu excess of sodium carbonate solution, and boil ; a 
while precipitate (magnesium carbonate) will be formed. Allow this 
te •' ttle, and pour otf the supernatant liquid trough a filter.* Wash 
the precipitate several times with small quantities of hot distilled 
water, allowing the pucipitate to settle each time, and then pouring 
*ofl; the liquid through the filter. (This is called washing by decanta- 
tion.) Finally, transfer the precipitate to the filter, and again wash it 
with hot water till a drop of the liquid passing through leaves no 
icsidue when evaporated to dryness on a watch gloss. This shows that 
all soluble salts have been washed out of the precipitate. Now place 
the filter in a steam oven to dry. , ' 

When the precipitate is quite dry, transfer as much of it 4 a possible 
to a weighed porcelain crucible which is standing on a piece of smooth 
black papei. Fold the filter paper up (keeping it over the black 
paper meanwhile) and place it on the lid of the crucible, which you 
have previously placed upside down on a pipeclay triangle supported 
by a tripod stand. (The lid should have been weighed with the 
crucible.) Heat the lid by means of a Bunsen burner till the filter 
paper* is completely burned. Transfer the ash to the crucible, and 
theu sweep any particles of precipitate which may have fallen on to 
the black paper into the crucible. A 

Now heat the crucible to bright redness for fifteen minutes. Use 
a gas blowpipe and foot-blower, and take Care to direct the flame upon 
the bottom of the crucible (The gas blowpipe consists of two tubes, 
one within the other. Through the inner tube air is urged, whilst 
gas is admitted to the annular space. Light the gas before starting 
the current of air.) During the last five minutes heat the crucible 
lid separately by means of a Bunsen barrier. Cool and weigh the 
crucible and lid together. Reheat the crucible (keeping the Hd in 
the desiccator), eool, and reweigh the crucible and Hd together. 
Repeat this process till the weight is oonstant This shows that all 

11 Use a filter paper the weight of the ash of whkh is known. 
Packets of such filter papers, with the weight 0 1 the as»h marked out* 
me, can be obtained. 
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the magnesium carbonate has been converted into magnesium oxide 
(with loss of carbon dioxide). Enter your results thus: — 


Weight of magnesium 

,, crucible, and lid 

,, M lid, magnesium oxide, and ash (I) 

,, crucible, lid, magnesium 'l 

°iMe amlasb (2) I constftnt ( ) 

, , crucible, lid, magnesium j \ J* 

oxide, and ash (3) J 
,, magnesium oxide ... 

y oxygen combined with one part by 

weight of magnesium 


grammes. 


You will find that the result ia tfye same as in Exp. 65 (a), 
i. e. whether magnesium oxide is made as in Exp. 65 (a) or 
in Exp. 65 (b) its composition is the same. 


— Exp. 60. — Composition of Chalk. — Powder some of the purest chfijk 
you can get and place it in a weighed crucible, and obtain the com- 
bined weight of crucible plus chalk. Now heat strongly with a blow- 
pipe flame for quite a long time. Allow to cool, and weigh again. It 
will now weigh less than before. Repeat the heating and weighing 
till there is no change in weight. Be careful to direct the flame 
against the bqfttojn of the crucible. The total loss should be about 44 
per cent. * 

This, ifo we know, represents the carbon dioxide which" Is driven off 
by heat ; the residue is the quicklime . 

Repeat the experiment with a different weight of chalk. You will 
again find that the loss in weight is 44 per cent. 


Chalk, then, is composed of carbon dioxide and lime 
combined in fixed proportions. ^ 

Exp. 67.— Composition of Water. — Take a hard glass *iube about 
20 cms. long and 1 '5 cms. wide, and fit it with corks. Push into the 
tube a loose plug of Asbestos (which has been previously ignited and 
allowed to cool in a desiccator) so that it is about a quarter of the way 
up the tube (A, Fig. 18). 

Weigh out, approximately, 5 grammes of finely -powdered black 
oxide of copper, and introduce it into the tube at the end remote 
from the asbestos, by means of a small funnel. Now introduce a 
second plug of asbestos (ignited as before), carefully pushing it up the 
tube so that it sweeps along all particles of oxide. The distance 
between the two asbestos plugs should be about 0 cms. Place the 
tube horizontal and tap it so that the oxide forms an even layer with a 


• This should be previously heated to redness in air (to get rid of 
moisture, etc., attached to it), and, whilst still warm, introduced info 
the tube just before commencing the experiment 
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free air space all along the tubo. Carefully wipe oil' any oxide from 
the outside of the tube. 

Next weigh the tube and copper oxide accurately. Also weigh a U- 
tube containing granular calcium chloride, and united with a horizontal 
bulb as shown in tho diagram. Attach the U-iube and bulb to the 
straight tube as shown (arranging that the tube which passes through 
the cork does not reach beyond it.*) Connect the other end of the tube 
to a supply of hydrogen prepared by tho action of dilute sulphuric acid 
on zmc, and dried by passing through a U-lube hiled with granular 
calcium chloride. Allow the hydrogen to pass through the tube for a 
few minutes in order the displace the air. (Test if the air has been 
remo\ed in the usual way.) Then heat the oxide of copper by means 
of a Hat-flame burner. The colour of the oxide of copper will slowly* 
change to a dark red, and water will be seen to condense in the further 
end of the tube and the horizontal bulb. The lieat : ng must be con* 
tinued and the stiuim of hydiogen parsed until uu more traces of 



moisture, are observed in the straight tube. You will find it necessary 
to warm the fui tlior end of the tube in order to drive out the water 
which collects there. Do this with an ordinary Bunsen burner, takiyg 
care that tye tube does not become so hot as to affect the cork. Most 
of the moisture will now collect in the horizontal bulb, and the lest 
will be absorbed by tho calcium eh^iide. 

Now allow the apparatus to cool, still passing a slotv current of 
hydrogen. When cold disconnect tho hyd logon generating flask, leaving 
the calcium chloride tube in place. Now pass a slow current of dry air 
through the appaiatus by means of the arrangement shown in Fig. 19. t 
The upper bottle A is filled w r ith w T ater, which Hows down into B when 
the tap T) and screw-clip C are open, and faces tho air out through the 
exit- tube. The air is fust passed through a small sulphuric acid wash- 
bottle E, which serves to indicate the into of ilow r and also partially 


* If it did you would be unable subsequently to drive all the water 
out of tho tubo. 

t A simpler way is to uso a “scent bottle" bellows* 

SEN. CHEW. 


V 
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dries it. It then travel ses the remainder of the apparatus (being further 
dried by the calcium chloride in the U-tubc), and sweeps out the 
hydrogen.* The current of air is regulated by the tap and screw-clip, 
and should be maintained for about live minutes. 

Reweigh the tube. ( f copper) and the U-mbo and bulb. We have 
now all the data necessary for calculating the ratio of hydrogen to 
oxygen in water. 


Enter your results thus : — 

Weight of heating tithe + copper oxido 

,, y i ,, + copper ... 

,, oxygon which has been converted into 

water _ 

,, U -tube and bulb before expoiimont 

D »* > f y after ,, 

„ hydrogen in the water formed 


grammes. 

= x 

= y 
-x-y 

— a 
= b 

= b-a~(x~y) 


Hence- 


Weight of oxygen united with 1 gramme of hydrogen 


is 


*~y 

b - a - (x-y)' 


You should find this to bo about 8 grammes. 

Repeat the experiment and show that you get the same result. 



Flo. 19. 


Now trv another oxide in place of copper oxide — say litharge ; again 
the result will be the samo, 

A very large number of experiments have been made 
similar to tho.se you have just performed, and all have led 

* If you weigh with hydrogen in the tubes instead of air, you will 
introduce errors ; for the previous weighings were made with air in the 
tube, and hydrogen is much lighter than air. % 
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to similar results, which may bo generalise*! in the following 
statement known as the Law of Constant Proportion : — 

L The same compound always contains the same elements 
Combined, in the same fixed proportion by weight. 

Here, then, we have a very important characteristic of 
a chemical compound, for in a mixture the constituents 
may be present in any ] wo portions 

47. Law of Multiple Proportion.— Many elements, how- 
ever, are capable of combining together to form mflre thaa 
one compound. Lot us now perform some experiments with 
a view to finding out* whether in two coir pounds of the 
same elements there is any simple ^relation between the 
relative proportions of those elements. 



Exp. 68. — Weigh accurately int^> a small porcelain boat (a, Fig. 20) 
about a giamrno of puco-colouiid oxide of lead. Push the boat into a 
hard glass tuho of about the same size as that used in Exp. 67. Fit 
t he. tuho with corks, carrying short pieces of glass tubing. Now connect 
one end of the tuho with an apparatus lor preparing diy hydrogen. 
Allow' tho hydrogen to passthrough the tube for a few minutes to 
displace the air (test as usual). Then heaj the boat gently by meaus 
of a flat (lame burner. Tho powder gi initially changes colour, while 
steam passes out of the t ube along with the unused hydrogen. When the 
cloud ceases and the powder has become quite black { i . e. changed into 
metallic lead) mise the boat to red heat for a few seconds to fuse, the 
lead, while the current of liydtogeu still passes. Cool, stop the current 
ol hydiogen, withdraw the boat by means of a copper wire from the 
end of the tube attached to the hydrogen apparatus (because there will 
probably he some drops of water at the other end) ami re weigh it. 
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Enter your results thus : — 

Weight of boat + puce oxide of lead 

,, boat 

,, boat + lead ... 

,, lead in oxide taken ... 

,, oxygen in nxido taken 

Theicfore the weight of load combined with one part by weight of 

oxygen in puce oxide of lead is grammes. 

• Your Result should woik out at about 6 ’4 5 grammes. 

Now repeat the experiment, using litharge (yellow oxido of lead) 
instead of puce oxide of lead, and again calculate out tbo weight of lead 
which was in combination with one gi amine of oxygen. Tile weight 
found should he about 120 grammes. 

Now 0*45 : ]2'9 = 1:2, i. e. the weights of lead which- 
unite with 1 gramme of oxygen to form puce oxide of lead 
and litharge respectively are in the ratio 1:2. 

There is then a' very simple relation between tlio relative 
weights of qxygen which combine with a fixed weight of 

lead to form these two oxides of lead. • 

• 

Exp. 69.— Clean and heat a porcelain crucible and 
lid, and allow them to cool. Place in the crucible 
about 1 gramme of well-powdered recry stal lisc l 
copper sulphate crystals, and accurately weigh the 
whole. 11 eat, with the 1 id otF, for half-an-hour in an 
air oven (Fig. 21) kept at a temperature of 135* 0. 
to 140° 0. Stir the powder occasionally with a 
platinum wire. • When properly heated it should 
appear whitish all through. Allow the crucible 
to cool with its lid on, and weigh again. The 
difference in weight gives the weight of water lost. 

Next support the crucible on a pipeclay triangle, 
and heat it very caiefully (without tho lid), using 
a small. flame, which is not allowed to touch the 
crucible. Cool with the lid on, and weigh. The 
healing and cooling should be repeated until 
practically a constant weight is obtained, when 
Fio. 21. all water will have been expelled. The difference 
between this weight and tho former shows the loss 
of water due to the raised temperature. It should be just one quarter 
of the first loss. 



grammes. 

= V 
= a 
— a - y 
= x - 
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The results obtained by a student wore as follows 

grammes. 
13727 

13440 
0-287 
13-367 
0*073 
0*360 

Thus the proportion of wafer in the crystals to that in the first 
product waS found to bo 0 360 : 0 073, or 5 : 1, or, in other words, the 
weights of water which unite with a fixed weight of copper sulphate to 
form two different compounds bear to one another the simple ratio 6 : It 

Similar experiments* with other substances have led to 
similar results. Thus : — 

12 gms. of carbon combine with 16 gms. of oxygen to form 
# carbon monoxide. 

12 gms. of carbon combine with 32 gms. of oxygen to form 

caTbon dioxide. 

Ratio bptween the weight of oxygen combining with the same weight 
of caibon is 1 : 2. • 

32 gms. of sulphur combine with 32 gms. df oxygen to form 

*nlphur dioxide. 

* 82 gms. of sulphur combine with 48 gms. of oxygen to form 

sulphTir trioxide. 

Ratio between the weights of oxygen combining with the same weight 
of sulphur is 2 : 3. 

These and all similar cases may be summed up in the 
following statement, which is known as the Law of Multiple 
Proportion :-~*£When one element combines with another *in 
more tKan one proportion the different quantities of the one 
element which unite with a fixed quantity of the other element 
bear a simple ratio to one another . « . 


Weight of crucible, lid, and powdered crystals 

,, crucible, lid, and powdered crystals after 

heating to 140° 0 

water expelled at lower temperature 

„ crucible, lid, and anhydrous copper sulpbato .. 

,, water expelled at higher temperature 

Total weight of water in the ciystals 
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aUESTIONS.— CHAPTER VIL 

1. Describe two experiments to illustrate the truth of the 

statement that matter can neither be created nor 
destroyed. 

2. In what respects does a chemical compound differ from 

a mixture ? Describe experiments to illustrate your 
answer. , 

3. State the Law of Constcmt Proportion , and describe how 
r yftu would proceed to demonstrate its truth by 

experiment. 

4. What is the Law of Multiple Proportion 9 Describe 

experiments which illustrate it. 

5. Show that the following numbers illustrate the Law of 

Multiple Proportion : — Red oxide of copper contains. 
88 8 per cent, of copper and 112 per cent, of oxygen. 
Black oxide of copper contains 79 ‘87 per. cent, of 
copper and* JO *13 per cent, of oxygen. 

6. Show tha^ the following numbers illustrate the Law of 

Constant Proportions : — 2 -4 grammes of oxide of iron 
on' complete reduction by hydrogen yielded 1*68 
grammes of iron ; 2*9 grammes of the oxide yielded 
* on similar treatment 2*03 grammes of iron. 

7. What do you understand by the Princij)le of the Con- 

servation of Matter 9 Describe how you would 
* proceed to illustrate the truth of this principle by 
experiment. 

8. You are provided with h powder containing copper 

and sulphur in the proportions of 63 : 32. Describe 
how you would proceed to find out whether it is a 
mixture or a compound of the two elements. 



CHAPTER Vfll. 

PHYSICAL PROPERTIES OF GASES 

48. Effect of Temperature on the Volume of a Gas. — 
You have already observed (Exp. 6) that air expands when 
hteated apd contracts when cooled, and you wouki find a 
similar -result with other gases. Let us now examine this 
phenomenon quantitatively by experiment. 

Exp.. 70.— Relation of volume of air to temperature. — Taken 250 
c.o. flask and tightly-fitting indiarubber cork, through which passes a 
piece of glass tubing of very narrow bore (capillary 
tubing), bent twice at right angles as shown in Fig. 22. 
Immerse the flask up to the level of the cork in a beaker 
or tin vessel of hot water, clamping it in position so 
that there is, say, half-an-ineli of water between the 
bottom of the flask and the beaker. Boil the water 
and keep it boiling for some five or ten minutes. Now 
place a beaker with cold water so that the outlet of the 
capillary tube dips deeply into it. Raise the flask 
out of the hot water, keeping the outlet all the while 
dipping beneath the water in the beaker, and let it 
cool by standing in the air. Notice that water is 

Fio. 22? driven from the beaker into the flask. Plunge the flask 
overhead into a mixture of water and ice, still keeping 
the outlet under water, and let it remain so long as water drips back 
into it through the capillary tube. Take now a cylindrical measure 
graduated into cubic centimetres, and pour the water from the flask into 
* 71 
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it so aB to ascertain how many cubic contimetres have flowed back into 
the flask. Call this v. Then measure how much water is needed to fill 
the flask up to the level of the lower surface of the cork. Call this V. 
Then Y represents the volume of air whioli just fills the flask at 100° C. 
and (Y - v) the volume which this air occupies at 0° C., the temnerature 
of ice-cold water. Therefore (V - v) c.cs. of air at 0° C. cx|WLna v c.cs. 
on heating to 100* C. 

The amount of expansion for 1° C. rise in temperature is c.cs. ; 

therefore the expansion for 1° is v -r (V - v) 100 of .the whole. 
Calculate out from your results the value of this expression, and see 
^how nea* it agrees with the number 

John Dalton, who in 1801 made this determination, and 
found that oxygen, hydrogen, and carbonic acid gas behaved 
in the same manner.as air, obtained the result He 

concluded “that all elastic fluids under the same pressure 
expand equally by heat.” 

This generalisation is, however, usually known as Charles's 
Law , which is expressed thus : — 

// Equal volumes of all gases under the same pressure 

f{ expand equally for equal increments of temperature. 

% . . . . 11 

Experiments in which precautions were taken' to secure 

great accuracy yield the result that gases at 0° C. expand 

part of their volume for each increment of 1° C. 

Thus 273 volumes of gap at 0° O. become 274 vols. at 1° C., ' 

,, ,, ,, 275 vols. at 2° C., 

* ,, ,, ,, 276 vols. at 3° C., 

and so on. * 

For temperatures below zero, we should have — 

273 volumes of gas at 0 C. become 272 vols. at - 1* C. f 

,, ,, ,, 271 vols. at - 2° C., 

,, ,, ,, 270 vols. at - 3® C., 

and so on. 

• 

If the behaviour of gases remained the same at very low 
temperatures, we should find that 273 vols. at 0 # O. would 
become nil at - 273* C. But, Jong before simh a low 
temperature is reached, most gases condense to liquids, 
and many even to solids. 

In dealing with gases in practice, however, the chemist 
has usually only to concern himself with temperatures 
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above zero and a few degrees below zero ; and hence you 
will find it convenient to notice that under the same pressure 
the volume of a gas is proportional to the temperature as 
reckoned, not from 0° C. f as is generally done, but from 
— 273° 0., termed absolute zero . We have thus : — 


Temperature. 
0 ° 0 . 
10° C. 
-* 10 ° 0 . 


and so on. 


Absolute Temperature. Volume. 

273 273 

2S3 283 

263 263 


49. Effect of Pressure on the Volume of a Gas. — A 
simple experiment with a pop-gun will convince you that 
the volume of space taken up by a gas depends also on its 
pressure. The effect can be investigated quantitatively by 
means of the following experiment. 


Exp. 71 . — Take a dry glass tube of not less than 6 inms. bore and 4 
metre in length. Near one end draw it out to a fine orifice in the 
following manner : — Heat in a small blowpipe flame until a short 
length (about 5 or 10 mms.) is quite soft, and then rapidly draw it 
&])art. In this way the tube will be of the same diameter v$ry nearly 
up to the orifice. [Why should it be so 1] Now attach the* other end 
of the tube firmly to a length of at least a metre of thick-walled india- 
rubber tubing (“pump tubing"), and at the other extremity of the 
rubber tubing a tunnel or receptacle of the form shown in Fig. 23. 
Fix the, receptacle at a level about halfway up the glass tube, and pour 
in mercury, taking care that no bubbles of air are entrapped. Now, 
by means of a small flame, seal up the orifice of the glass tube cyid 
allow it to stand for a few moments ; then mark with a narrow slip of 
paper the level at which the mercury stands on the tube. 

Carefully measure the length of # the tube conlaining air, and record 
this, = A. The pressure under which the air at present stands is that 
of the atmosphere, and equal to the reading of the barometer for the 
time being, = P. Record this. Raise the receptacle about lialf-a- 
metre, and note how the column in the tube also advances. Mark the 
level at which it stands withfc second strip of paper, and measure the 
distanco from it to the top of the tube, ; also measure the height 
at which the mercury in the receptacle stands above that of the second 
strip of paper, = p. Repeat these operations when you have brought 
the receptacle to the level of the table or even lower, recording the 
length of the air column as C and the measure of the level of the 
mercury in the receptacle below that of the column in the glass tube as 
p f . Assuming the tube to be of even bore throughout, and that the 
temperature has remained constant, the volume of the air in the tube 
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ftt the three periods recorded will be in the proportion A : B : C, and 
the pressure under which the air is will be r zr -fp : P — p'. 


See now how far your records support the following 
statement, known as Boyle's Law : — 

When the temperature remains 
constant the volume occupied by a 
gas varies inversely as the pres - 
sure. • 

Note also that, this being the 
case, the product of the volume 
r— i 1 1 and the pressure will be constant, 

y and see from your records if you 

I find 

AxP = Bx(P + |)) 

= Cx(P -p'). 

Indicating pressure by P and 
volume by V we have then 

PV = a constant. 

Fig. 23 . 50. Liquefaction of Gases.— 

. The above description is only 

true for a perfect gas under moderate pressure and tem- 
perature. No perfect gas exists in reality, for though 
very many gases show a close agreement at such pres- 
sures and temperatures as occur in general practice, yet 
under extreme conditions even hydrogen, nitrogen, and 
those gases which behave most nearly like perfect gases, 
fail to show agreement, and at sufficiently low tempera- 
ture and high pressure they change their condition and 
become liquid. « 

The following table gives the temperatures and pressures 
at which some of the commoner gases become liquids : — 



Carbon dioxide at — 80° C. and 
or at + 20° C. ,, 
Sulphur dioxide at — ■ 10° C. „ 
or at + 10 ° C. „ 


1 atmosphere pressure 


58 

1 

23 


»» 

»» 


»» 


M 


. »! 
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Air at — 194 4° C. and 1 atmosphere prossure 
or at — 140° C. „ 39 

Chloripe at — 34° C. „ 1 „ „ 

or at 0° C. „ 6 „ „ 

Nitrous oxide at 0° C. „ 30 „ „ 

Various methods have been employed in liquefying 
gases. Faraday was able to liquefy a large number of 
gases by means of their own pressure in glass tubes. To 
liquefy chlorine in this way a quantity of the yellow crystals 
of chlorine hydrate (a compound of chlorine and water) are 
brought into a glass tube of about 1 cm. in diameter, and 
closed at one end. The tube is then bent at right angles 
at about its middle point, and sealed*. If now the sealed 
end be placed in a freezing mixture, whilst the other 
‘end containing the hydrate be gently warmed, a com- 
paratively large volume of chlorine is liberated, and the 
pressuro of the accumulated gas together with the low 
temperature employed is sufficient to bring about its lique- 
faction. 

*If silver chloride be saturated with ammonia gas, a com- 
pound of the two is formed, and this body treated in the 
same way evolves ammonia in such a quantity as to liquefy 
by its own pressure. 

With many gases a much lower temperature is required 
than can be obtained by using an ordinary freezing mix- 
ture. Thus Pictet liquefied oxygen by submitting it to' a 
very high pressure in a copper tube at — 140° C. 

51. To measure the Volume of Carbon Dioxide evolved 
from one gramme of Chalk. — 

Exp. 72 . — Take a large bottle (a Winchester quart) and fit it with a 
cork carrying two delivery tubes bent at right angles, one long enough 
to reach nearly to the bottom of the bottle, the other quite short (see 
Fig. 24). # Tlie longer delivery tube should be attached to another 
similar tube by a piooo of rubber tubing on which a clip is placed. 
Nearly fill the bottle with water and pour on the top a few c.cs. of 
paraffin oil. Introduce the cork, blow through the short delivery tube 
till water runs out of the lonu tube (whioli constitutes a siphon tube), 
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then tighten the clip. Now procuro a small wide-mouthed flask and 
fit it with a cork, nnd short delivery tube bont at right angles. Weigh 
the flask, introduce about a gramme of chalk, and weigh again. Tho 
difference between the two weighings gives you the weight of chalk 
taken. 

Now add a little water, and then carefully introduce a small tube 
nearly filled with strong hydrochloric acid, leaning it up against the 
side of tho flask. Insert the cork, and connect the delivery tubes of 
the flask and tho bottle by a short piece of rubber tubing.* Place tho 



free arm of the siphon in a tall graduated cylinder. Open tho clip. 
A* few drops of water escape and then the flow should cease ; if it does 
not do so then air is finding its way into tho apparatus, i. tho corks 
are not tight. Close tho clip, push all tho corks well home and test 
again. 

1 When the apparatus is gas-tight f incline tho flask until a little of 
the liquid runs over on to the chalk, repeating the operation from timo 
to timo so long as effervesconco continues. The carbon dioxide evolved 
pushes air over into the bottle, and this in its turn displaces water, 
which passes over into the cylinder. In time carbon dioxide reaches 
the bottle but is prevented from dissolving in the water by the layer 
of oil. At the end of the experiment allow the apparatus to remain for 


* By this arrangement the pressure of the air in the apparatus at 
the commencement of the experiment is atmospheric. 

+ If a measurable quantity of water has collected in the cylinder you 
must read off the volume and subtract it from tlje final volumo. 
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a few minutes in order that it may regain atmospherio temperature. 
Gently agitate the liquid in the flask occasionally. 

Next make the levels of the liquids in the cylinder and bottlo the 
same by raising* or lowering the cylinder (so making the pressure 
in the apparatus atmospheric), close the clip, remove the siphon 
tube from the cylinder, and read the volume of water in the latter. 
This represents the volume of gas which has passed into the bottle, and 
so the volume of carbon dioxide evolved from tHe chalk takton, 
measured at the temperature and pressure of the atmosphere. 
Suppose iq an experiment the following results were obtained 

Weight of flask + chalk = 10*364 gms. 

,, „ alone = 9*134 ,, 

,, chalk taken = 1*230 ,, 

Volume of water collected = 287 c.cs. 


Then wo have — 

1*23 grammes of chalk yield 287 c.cs. of carbon dioxide. 
Therefore — 


1 gramme of chalk would yield 


287 

1*23 


or 233 c.cs. of carbon dioxide 


measured at the temperature and pressure of tlid atinosphere. 


Now wo have seen that the volume of a given quantity 
of gas varies with both the pressure and the temperature. 
But the temperature of the laboratory and the pressure of 
the surrounding atmosphere vary from day to day and from 
place to place, so that some one else working with quite as 
great accuracy might obtain a volume of gas somewhat 
different from yours. In order therefore that results may 
be compared together, we must all agree to state our results 
as they would be if they were all performed under the same 
conditions as to temperature and pressure, and it has been 
agreed that the temperature for such reference shall be the 
freezing-point of water (0° C.), and the normal or average 
pressure of the atmosphere, equal to that of a column of 
mercury 760 millimetres in height. These standard 
conditions are referred to as “Normal temperature and 
pressure,” and the expression is often abbreviated to the 
letters “N.T.P” 

Suppose that when you performed your experiment the 
temperature of the atmosphere was 15 e 0. and the pressure 



78 


PHYSICAL PROPERTIES OF OASES. 


775 millimetres of mercury. Let us reduce the volume of 
gas evolved to standard conditions. We havo — 

0° C. = 273° absolute. 

15° 0. = 273 + 15 or 288° absolute. 

Therefore by Charles’ Law the volume will bo decreased 
273 

in the ratio when reduced to 0°. 

288 

Again by Boyle’s Law the volume will be increased in 
775 

,tho ratk> when reduced to 760 millimetres. 

Applying both corrections we have for tho volume at 
0° C. and 760 millimetres — 

273 775 

233 288 * 700 or 225 C C3 ' 

An apparatus similar to that described above may be 
employed for finding the volume of hydrogen evolved when 
metals such as zinc and magnesium are treated with sul- 
phuric or hydrochloric acid. In this case the layer of oil 
is not r^quiAd, as hydrogen is practically insoluble in watpr. 

52. To measure the Mass of Carbon Dioxide • evolved 
from one gramme of Chalk. — 

Exp. 73. — Take a small wide -mouthed bottle and fit it with a rubber 
cork carrying a drying tube filled with granulated 
calcium chloiide and a glass tube reaching nearly to 
the bottom of the bottle (see Fig. 25). Accurately 
weigh out into tho flask about 1 grammtfof chalk. 
Pour water into t the bottle till the chalk is woll 
covered. (Do not add too much water.) Next tie a 
piece of cotton underneath the rim of a small test- 
tube, nearly fill the tube with strong hydrochloric 
acid, and lower it into the bottle. Now without 
leaving hold of the f cotton insert the cork, so 
arranging that when the cotton is held tight by the 
cork the tube is in the position shown in the figure. 
See that tho end of the straight tube dips in the 
liquid. • 

Fig. 25. Now carefully weigh the whole. Then manipulate 

the bottle so that a little acid escapes from the small 
tube on to the chalk. Carbon dioxide is evolved, and first drives air 
out of the flask through tho calcium chloride tube (its only exit); 
after a time tlie gas itself passes out. Any n^oisture carried away 
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by the escaping gases is retained by the calcium chloride, and so loss 
in weight is prevented. (If, however, the action is allowed to proceed 
too rapidly the drying will not be carried out effectively.) When the 
action slackens upset a little more acid, and continue to do this from 
time to time till all the chalk has disappeared. 


The flask is now full of carbon dioxide, and further, some of the gas 
is dissolved in the liquid. Warm the fla>k carefully till it is so hot 
that you can handy hold it. (Do not boil the liquid.) Now attach 
a piece of rubber tubing to the calcium ehlouue tube and suck gently 
till tlic pungtnt taste ol carbon dioxide ceases to bo noticed. The flask 
is now full of air again. Allow it to stand till it becomes quite cold, 
and then reweigb. • 

Suppose the following results were obtained : — 


Weight of flasl? f clmlk = 10*321 gras. 

,, ,, alouo = 9 136 ,, 

„ chalk taken = 1 T%5 ,, 

Weight of apparatus before the reaction = 35*614 gms. 

„ ,, alter ,, ,, =35 087 „ 

,, carbon dioxide evolved = 0*527 „ 

We have then — • 

0*527 gramme of carbon dioxide is evolved*from 1*185 grammes 
of chalk. • 

'ttierefore— • 


1-185 


6r 0*445 gramme of carbon dioxide is evolved from 1 


gramme of chalk. 


53. Density of Gases. — By the density of a gas wo mean 
the mass of it which occupies unit volume . The most con- 
venient volume to take as the unit is 1 litre. A very simpfe 
experiment will convince you that the densities of different 
gases vary very much. 

Exp. 74. — Take a large beaker and suspend it from one arm of a rough 
balance. Add weights to the other scale-pan till the balance is in 
equilibrium. Now prepare sonje carbon dioxide and pour it into the 
beaker ; the arm to which the beaker is attached at once sinks, showing 
that carbon dioxidedias a greater density th&n air. 

Now repeat the experiment, but hang the beaker in an inverted 
position and«pour hydrogen up into it ; the arm to which the beaker is 
attached rises, showing that the density of hydrogen is less than that 
of air. 

Since hydrogen is the least dense of all gases it is very 
common to state tjje relative density (or specific gravity) of 
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a gas in terms of hydrogen as unity, instead of stating the 
density as defined above. The relative density of a gas (in 
terms of hydrogen as unity) may by defined as the weight 
of a given volume of the gas divided by the weight of a/n 
equal volume of hydrogen under the same conditions of 
temperature and pressure . 

Sometimes relative densities are given in terms of air as 
unity. 

« 

Density of Air. — The density of air may be determined 
approximately in the following manner: — 

Exp. 75. — Fit a strong flask, holding^bout 300 c.cs., with a cork 
through which passes a short length of glass tubing. Attach to it a 
piece of rubber tubing carrying a clip. Place about 30 c.cs. of water 
iu the flask, open the clip, and boil the water for ten minutes. The 
steam drives out all the air. Close the clip, remove the flame at once, 
allow to cool, and weigh the flask and its contents (t^). 

Now open the clip carefully so as to allow air to enter gradually. 
[Why does air enter ?] When no more air enters weigh again (w a ), and 
measure the volume >of water that remains (rj. Finally, fill the flask 
with water to the let el of tho cork, and measure the volume of this 
water (-y 2 ). 

Let J°'be the temperature of the air. 

Let H be the barometric height in millimetres of mercury. 

(u a -Vi) c.cs. is the volume of air at t° and H millimetres that 
(together with the v x c.cs. of water) filled the flask. 

(w 2 -w l ) grammes is the weight of this air. 

M 27 3 

The volume at N.T. P. is (v a — t?i) x jqq x 273 + v “y- 

Therefore the mass of 1 litre at N.T.P. is x 1000^ gms. 

Calculate out your result? and see how near it agrees 
with the value 1*293 grammes, which accurate measurements 
have shown to be the correct density of dry air. [Your 
result cannot be quite correct because the air filling the 
flask is moist, not dry ; but at this stage you had better 
not trouble about thfi correction.] 

Density of Carbon Dioxide. — You can calculate this 
roughly from the results of Exps, 72, 73, for in Exp. 72 
you have found the volume of carbon dioxide evolved from 
1 gramme of chalk, and in Exp. 73 the mass of the gas 
evolved from 1 gramme of chalk. 
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By Exp. 72— 

1 gramme of chalk gave 225 c.cs. of carbon dioxide 
measured at N.T.P. 

By Exp. 73 — 

1 gm. of chalk gave 0 44.5 gramme of carbon dioxide. 

/, 225 c.cs. of carbon dioxide measured at N.T.P. 
weigh 0 445 gramme. 

1000 c.cs. or 1 litre of carbon dioxide measured at 
N.T.P. weigh 1000 x or 2 gms. 

Now 1 litre of hydrqgen has been found to weigh 0*09 
gramme; therefore the density of carbon dioxide relative to 

2 • 

hydrogen is about — - or 22. 

• 

Density of Oxygen. — We can determine the density of 
oxygen by a method somewhat similar to that which we 
have used in the case of carbon dioxide, namely by finding 
(a) the mass, (b) the volume of oxygen evolved on heating 1 
gramme of potassium chlorate. # 

(a) To estimate the mass of oxygen evolved on Healing 1 
gramme of potassium chlorate. 

Exp. 76. — Weigh a small haul glass tube, place in it about 1 gramme 
of potassium chlorate and weigh again. Heat carefully, holding the 
tube in a slanting positiou and rotating it constantly. The salt melts 
and then appears to boil. The gas evolved rekindles a glowing splinter 
at once. 

After a time the liquid gets thick, and when the gas evolution ceases 
a white and solid mass (potassium elilonde) remains in the tube. 

Weigh the tube again when cool, and calculate the weight of oxygen 
which would be evolved from 1 gramme of potassium chlorate. The 
result should be about 0'39 gramme. 

In a similar way the ^veight of oxygen evolved from 
1 gramme of nitre or rod lead ina£ be found. 

(b) To estimate the volume of oxygen evolved on heating 1 
gramme of potassium chlorate . 

Exp. 77. — Fit up an apparatus similar to that described in Exp. 72, 
but replace the small bottlo by a hard glass tube containing about 1 
gramme of potassium chlorate (accurately weighed out). Alter filling the 
siphon tube as desoiil^d in Exp. 70, attach the hard glass tube and 
SEN. CHEM. * U 
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test if the apparatus is air-tight. When it is so, heat the potassium 
chlorate. The oxygon evolved displaces the water from the bottle, 
and the water runs into the cylinder. When the level of water in 
the latter ceases to rise, allow the tube to cool to the temperature 
of the air. This will have happened when the level of wator in 
the cylinder ceases to fall . Now make the levels of water in the 
cylinder and bottle the same, close the clip and remove the siphon 
tube. Read the volume of liquid in the cylinder : this is the volume 
of oxygen evolved from the weight of potassium chlorate taken 
measured at the pressure and temperature of the atmosphere. 

• 

From your result calculate the volume of oxygen at 
N.T.P. 4 ’ which would be evolved from 1 gramme of potassium 
chlorate. It should be about 270 c.c. 

From the results of Exps. 75/76 calculate the density 
of oxygen just as you did that of carbon dioxide. You 
should find that a litre of oxygen weighs about 1*4 grammes. 

54. Diffusion of Gases. — 

Exp. 78. — Pour a little “liquor ammonia”* (an aqueous solu- 
tion of the gas ammonia) into a basin, and leave it standing in the 
middle of the roomy Very soon you will find that the smell has 
permeated to»all parts of the room. 

(i * 

Exp. TJ. — Procure a tall narrow gas jar and pass into it some 
carbon dioxide, letting the deliver} tube reach quite to the bottom 
of the jar. If you first burn a little blown paper in the jar you will 
be able to see how the heavier carbon dioxide collects in the bottom 
of the cylinder, almost as a liquid would, pushing the air out above 
it. Fill the jar in this way about one-third and then lift out the 
(jelivery tube, pinching it bo that no gas may pass into the upper 
part of the jar while you are raising it. Cover the moutb of the jar 
with a glass plate and set it aside for an hour. After this interval 
plunge a lighted taper into the jar and lower it until you reaoh a 
level where it is extinguished. 

Mark the level and compare it with that at which the carbon 
dioxide originally stood. You will find that the level has risen. 

Now by means of a syringe withdraw some of the gas from the 
bottom of the jar. Fill a test-tubcJ with caustic soda solution, 
invert it in a trough of water and support it by means of a clamp. 
Plaoe the syringe m the water and force gas out of it into the test- 
tube till the latter is about two-thirds full. Next place^your thumb 
over the mouth of the tube, remove it from the trough and shake up 
vigorously. Invert the tube in the water again and remove your 

* Also called “ liquid ammonia.” Be careful not to inhale much 
of the vapour rising from the liquid, as it is injurious. 
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thumb. The water rises but does not completely fill the tube, 
showing that the gas was not all carbon dioxiae. 

Test the unabsorbed pas with a lighted taper. The taper con- 
tinues to burn ; the gas is air. 

If the jar were left long enough it would be found that 
the air and carbon dioxide had become uniformly mixed 
throughout. 

Exps. 78, 79 illustrate a general property of gases, 
namely, that they ultimately spread— or diffuse — to the 
boundaries of any closed space into which they are intro- 
duced, however large the space. The spreading or diffu- 
sion of a gas takes pkfcce independently of the presence of 
other gases, and consequently, however many different gases 
arc introduced into a closed space, ultimately they will all 
be distributed homogeneously throughout that space. 
*.The phenomenon of gaseous diffusion is in apparent 
contradiction to the law of gravitation, for if, as in Exp. 
79, we start with the heavier of two gases (carbon dioxide) 
below and the lighter (air) above, the^heavier gas passes 
upwards and the lighter downwards . p 

•The explanation of the phenomenon is that the very 
small particles of which gases are composed are in con- 
stant rapid motion in directions which are continually 
changing, owing to collisions with other particles, or'with 
the walls of the containing vessel. [It is the bombard- 
ment of the particles on the walls of the vessel which 
gives rise to gaseous pressure.] It will now be seen that 
gaseous* diffusion does not really contradict the law of 
gravitation, for, to return to*Exp. 79, at any given instant 
some particles of carbon dioxide are moving upward in 
opposition to gravity just as a cricket-ball does when 
thrown up into the air. 

It is this property of gaseous diffusion which explains 
the fact that mixtures of gases of different density do not 
separate into layers with the heaviest gas at the bottom 
and the lighter ones above in order of decreasing density. 
Air, for example, is a homogeneous mixture of oxygen 
and nitrogen ; it does not separate into two layers, oxygen, 
the heavier gas, below, and nitrogen, the lighter gas, 
above. 
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Graham's Law of Gaseous Diffusion. — Let us now try 
to discover whether all gases diffuse at equal rates or 
whether on tho other hand there is (as we anight rather 
expect) some relation between the density of a gas and tho 
rate at which it diffuses. 

Exp. 80. — A porous cell, such as is used in voltaic batteries, is 
fitted with an indiarubber stopper, and a glass tube about half 
a metre long, furnished with a bulb, is passed through tb© stopper j 
this is bent and drawn out into a jet as 
shown in Fig. 26. Before inserting tho 
cork fill the bulb and lower part of the 
tube with wal^r. Now place a beaker 
filled with hydrogen over tho porous cell, 
^ind the water will be immediately de- 
pressed and driven out of the jet in a fine 
stream. „ 

This is evidence that the light gas 
hydrogen passes through the walls 
into the porous cell quicker than the 
air is able to pass but of it. A 
greater volume of gas collects within 
the space of the cell and tube and 
forces the water out before it. 

By slightly varying the experiment 
it may be shown that carbon dioxide, 
which is heavier than air, diffuses less 
rapidly. Graham, who performed a 
number of quantitative experiments 
Fio. 26. on diffusion, found that the relative 

rates of diffusion of gases are inversely 
j proportional to the square root of their densities . This state- 
ment is known as Graham's Law of Gaseous Diffusion. 

Thus in relation to air : — * 

* 1 Velocity of* 

diffusion 
V density. obBerved . 

Density of hydrogen = 0*0695 = 3*792 3 830 

„ carbon dioxide = 1*5180 = 0*812 0*812 

N.B. — For questions on Chapter VIIL see page 108. 
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CHEMICAL EQUIVALENTS — THE ATOMIC 
THEORY — AVOGADRO'S HYPOTHESIS. 

55. Chemical Equivalents. — In our investigation of the 
Law of Constant Proportion (Chap. VII.) we determined 
the composition of wetter (Exp. 67), and arrived at the 
following result : — 

Water is composed of hydrogen and oxygen , in the pro- 
portion of 1 gramme of the former to 8 grammes of the 
latter. 

We may say, therefore, that in water 1 gramme of hy- 
drogen is equivalent to 8 grammes of oxygen. 

Again, an investigation of the comjjbsition of oxide of 
zinc on the lines of Exp. 65 (&),* would shSw t^at 4 06 
grammes. of zinc unite with 1 gramme of oxygen.* 

We nlay say, therefore, that in oxide of zinc 4*06 grammes 
of zinc are equivalent to 1 gramme of oxygen, or in other 
words 4 06 x 8, or 32 5 grammes of zinc, are equivalent to 
8 grammes of oxygen. 

Now we have seen (§§ 29, 33) that zinc reacts with acids 
such as«eulphuric and hydrochloric with replacement of the 
hydrogen of the acid by the metal. The question arises 
whether there is any connection between the weights of 
zinc and hydrogen, which are respectively equivalent to 
8 grammes of oxygen (i’.e. 32*5 grammes and 1 gramme) 
and the weight of zinc wjiich displaces 1 gramme of hydro- 
gen from an acid. Let us submit t^is to the test of experi- 
ment. 

Exp. 81 ? — Take a long measuring tube olosed at one end and 
graduated in cubic centimetres. One graduated up to 100 o.o. is 
preferable. Take a narrow beaker, pour in about half a litre of 


* The method of Exp. 65 (a) cannot be applied satisfactorily in 
the case of zino, • 
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water, and add about 30o.o. of concentrated sulphurio acid, stirring 
briskly. When cool fill up the tube completely with the acid, 
taking care that no air bubbles are allowed to enter ; close the open 
end by means of the thumb, and invert in the beaker,* whioh oontains 
the greater portion of the diluted aoid. Fix the tube in a small 
clamp stand. 

Procure a small tube about 1£ in. long and of Buoh a diameter 
that it will slide comfortably into the graduated tube. Next scrape 
apieoeof zinc foil to remove all oxide, and weigh out a piece of about 
0*25 gramme (it should not be more). Roll the foil up^ introduce 
it into the small tube and add two or three drops of copper sulphate 
solution^; then fill up with water, shaking well to disengage any 
air bubbles. Close the end of the tube by means of the thumb, 
and bring it under the mouth of the graduated tube (whioh is still 
under the dilute acid). Force the small tube up into the wider one, 
and lower the latter until it almost touches the bottom of the beaker 
and completely encloses *the other. Remove your hand and rinse 
off the acid. Soon the heavier aoid will diffuse to the zinc and begin 
to dissolve it. Hydrogen will be evolved, and will be collected in 
the tube. 

When the zinc has completely dissolved, adjust the tube so that 
the liquid inside is leyel with that outside, more water being poured 
into the beaker if neoecsary. Do not touch the tube with your hand, 
but let it remi^n in the clamp, upon which hang a thermometer close 
to the tube in order to read the temperature of the air in the neigh- 
bourhood t)f the gas. 

In a few minutes read the volume of gas, the temperature, and 
the barometric pressure ; and from these calculate the volume at 
0° C. and 760 mm., making allowance for the fact that the gas is not 
dry, but is saturated with aqueous vapour. f In making the cor- 
rection, use the table given in the Appendix. Knowing that a litre 
of # hydrogen under these conditions weighs 0*09 gramme, find the 
weight of the hydrogen collected. * 

Then the weight of zinc whioh displaces 1 gramme of hydrogen 
is given by 

Weight of zind taken 
Weight of hydrogen collected* 

If the experiment has been carried out carefully it will 
be found that 325 grammes of zme displace 1 gramme of 
hydrogen. Repetition* of the experiment with a different 

# Zino in the form of foil would probably be so pure th£t it would 
not dissolve in sulphurio acid unless a little copper sulphate were 
added. 

fThis aqueous vapour exerts a pressure, and for a given tempera- 
ture this pressure has a definite value if the gas oontains as much 
aqueous vapour as possible, i.e. is saturated with it 
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weight of zinc would be found to lead to the same result, 
and we may say, therefore, that 32*5 grammes of zinc are 
equivalent to 1 gramme of hydrogen. 

But we have seen above that these are the weights of the 
two elements which are respectively equivalent to 8 grammes 
of oxygen. We therefore arrive at the very striking result 
that the weights of zinc and hydrogen which are equivalent 
to a given weight of oxygen are the weights of these two 
elements Vliich are equivalent to each other. This relation- 
ship is conveniently represented by a diagram : — 



Now, just as in Exp. 81 the hydrogen was displaced 
from an acid by a metal, so it is possible to displace qpe 
metal from a salt by another metal (see Exp. 1). Let us 
investigate this process quantitatively. 

I , Exp. 82. — Weigh accurately a rather deep porcelain oruoiblo of 
about 50 c.o. content. Into this bring about 35 o.o. of a solution 
containing not less than 3 5 grammes of copper sulphate, and then 
about 0‘4 gramme of zino foil, the exact weight of which has been 
determined. Warm gently. The zino will slowly disappear, and 
a heavy powder will bo precipitated ft) the bottom of the vessel. 
When on stirring with a glass rod there is no longer any sign of the 
foil, the reaotion is complete. The zino has replaced the copper in 
the Balt originally taken, and wo have now in the vessel metallic 
copper and a solution containing zino sulphate and excess of copper 
sulphate. In the meantime fold a filter paper and fit it into a 
funnel. Remove it, roll it up and introduce it into a wide test-tube, 
the upper half of \ehioh has been out off. Place the tube in an air 
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oven (Fig. 21, p. 68) and regulate the temperature to about 110® C. 
After about half-an-hour allow the tube to cool in a desiccator and 
weigh. Heat up again, allow to cool and reweigh. Kepeat this 
process till the weight is constant. 

How place the filter paper in the funnel, filter off ‘the precipitate 
of copper, and wash with hot water till a drop of the wash water 
gives no blue coloration with ammonia. Wash with alcohol two 
or three times and dry in the air oven. Next roll up the filter 

K iper with the precipitate inside, place it in the tube and weigh. 

epeat the drying and reweigh. If the weight is not constant re- 
peat until it is. The increase in weight gives the amount of copper 
precipitated. 

% We ha^e now (a) the weight of zinc used, (6) the weight of copper 
which this zinc has displaced. Calculate the weight of copper clis- 
placed by 32*5* grammes of zinc. This i* given by 


Weight of copper displaced v 
Weight of zinc used 


If the experiment has been earned out accurately it wiU 
be found that 32 5 grammes of zinc replace 31*8 grammes 
of copper, and however many times the experiment is re- 
peated the result will be the same. 

We may say, therefore, that 32 5 grammes of zinc are 
equivalent grammes of copper m 

Next, lfet us investigate the composition of black copper 
oxide, in order to find out how many grammes of copper 
are equivalent to 8 grammes of oxygen. v 


Exp. 83. — Heat a cruoiblc and lid : allow to cool, then weigh. 
Weigh out about 0*5 gramme of pure copper wire, and place in the 
orifcible. Remove to a fume closet, then pour upon the metal one 
or two drops of water, followed by nfew drops of strong nitric acid. 
If necessary, add more acid, to complete the solution of the wire. 
Gently evaporate down on a sand-bath, taking care that there is no 
loss by spirting. The green powder left is oopper nitrate. 

Support the crucible on a pipeclay triangle and heat till nothing 
but blaok copper oxide remains. Cool with the lid on, then weigh, 
and bo find tho weight of oxide. * 

Then the weight of copper which combines with 8 grammes of 
oxygen is given by 

We igh t of o opper y 

Wt. of oxide - Wt. of copper * * / 


* We might, of course, calculate the weight of oopper displaced 
by 1 gramme of zinc, and this seems the more natural course ; the 
reason for choosing 32 ‘5 grammes will be apparent later. 
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A good result will show that 31*8 grammes of copper 
unite with 8 grammes of oxygen to form black copper oxide, 
i.e. 31*8 grammes of copper are equivalent to 8 grammes of 
oxygen in this oxide. 

Now, referring back to the previous results, we find that 
31 ’8 grammes of copper and 8 grammes of oxygen are each 
equivalent to 32*5 grammes of zinc,* i.e. the weights of 
copper and zinc which are equivalent to a given weight of 
oxygen are also the weights of these metals which are 
equivalent to each other. Expressed diagrammatically, we 
have — 



Now copper does not liberate hydrogen from dilute 
sulphuric or dilute hydrochloric acids as zinc does, so we 
cannot directly determine the weight of .hydrogen displaced 
from an acid by this metal as we did in the case of zinc. 
This can, however, be done indirectly, t and it is found that 
3T8 grammes of copper displace 1 gramme of hydrogen 
from sulphuric acid witl^ formation of copper sulphate^ 
In other words, 31 8 grammes of copper are equivalent to 
1 gramme of hydrogen, and we may now construct the 

* 

* It was in order to bring out this point that we calculated the 
weight of copper liberated by S2'5 grammes of zinc in Exp. 82. 

t E.g. by determining the weight of copper sulphate produced 
from a known weight of sulphuric acid by the action of black copper 
oxide. % 



90 


CHEMICAL EQUIVALENTS. 


following diagram in which the two previous ones are 
combined : — 



56. Law of Equivalents. — The above results combined 
with those *)f a large number of experiments on similar 
lines hflye led to the conclusion that it is possible to assign 
to each element a number called its chemical equivalent 
(or combining weight) such that the weights of elements 
which combine together are proportional to their chemical 
equivalents or to simple multiples of these . The statement 
just given in italics is known as the Law of Equivalents. 

* The njumber _ chosen as the chemical equivalent of 
hydrogen is unity , and the chemical equivalent * 7! or com- 
bining weight) of an element may therefore be defined as 
the weight of the element whicH combines with or displaces 
l gramme of hydrogen (or 8 grammes of oxygen , which, as we 
have seen, are equivalent to 1 gramme of hydrogen). 

A reference to the above diagram will show that the 
chemical equivalents ef zinc and copper are respectively 
32-5 and 318. 

^ 7 . Methods of determining Chemical Equivalents — 

(1) Determination of the weight of the element which com- 
bines with 1 gramme of hydrogen . 

► Also called the equivalent weight , or simjrty the equivalent. 
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This gives the chemical equivalent in terms of hydrogen 
directly, but it is not a method of general application. It 
has been used in determining the equivalent of oxygen, 
and this may be deduced from the results of Exp. 67. 

(2) Determination of the volume of hydrogen evolved by the 
action of a metal on an acid . 

Here again the value of the equivalent is found directly 
in terms of hydrogen ; it is given by 

We ight of M etal used 

Weight of hydrogen evolved 

* 

The method of experiment was illustrated in Exp. 81, 
using zinc. * 

f This method may also be employed in the case of a few 
Other metals, e.g. magnesium, iron, and aluminium. 

In the case of the last metal, dilute hydrochloric acid 
must be used in place of dilute sulphuric acid, which only 
acts very slowly on the metal. 

(3) Determination by displacement of orus metal by 

another. , / 

This is an indirect method which can be applied in some 
cases where Method 2 is not available. 

Suppose a metal, A, whose equivalent is known displaces 
from its salts a metal, B, whose equivalent is to be deter- 
mined. Then if x grammes of A displace y grammes of B 
we have * 

Equivalentof B __ y 
Equivalent of A~~ z* 

from which the equivalent of B can be calculated. 

The method of carrying out the experiment is that 
adopted in Exp. 82, in which zinc displaces copper from 
copper sulphate. In place of zinc 4he metal iron might 
have been used. The equivalent of silver may be similarly 
determined by using a solution of silver nitrate instead of 
copper sulphate, and any one of the three metals zinc, iron, 
and magnesium. 

(4) Conversion into the oxide . — In many cases the most 
convenient method of finding the equivalent of a metal 
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consists in converting a weighed quantity of it into its 
oxide, and weighing the oxide produced. From the results 
obtained we calculate the weight of the metal which com- 
bines with 8 grammes of oxygen. 

Sometimes, as in the case of magnesium, the metal is 
readily converted into its oxide by heating in air. 
(Exp. 65 (a) ). 

Usually, however, the direct oxidation of a metal by heat- 
ing in air is a slow and imperfect process, and it is best to 
first cqnvert the metal into the nitrate and then break this 
up by ignition, when a residue of the oxide remains. We 
adopted the latter method in the ease of copper in Exp. 83. 
The equivalents of lead and tin may bo determined in a 
similar way ; in th3 latter case nitric acid converts the 
metal directly into the oxide. 

(5) Conversion of the oxide into the metal . — The con- 
verse of Method 4 may also be conveniently applied in 
some cases, namely, the reduction of a weighed quantity 
of the oxide of a*metal to the metal, the weight of which 
is then ascertained. The reductivm may be brought 
about t^y heating the oxide in a current of hydrogen, Cbal 
gas, or carbon monoxide. Suitable oxides to experiment 
with would be cupric oxide and litharge, the experiment 
being conducted on the lines of Exp. 68. 

(6) Determination of the composition of the chloride . — 
The great majority of the elements form compounds with 
the non-metal chlorine. Now it has been found ^hat 35 5 
grammes of chlorine unite with 1 gramme of hydrogen to 
form hydrogen chloride, i.e. tfye equivalent of chlorine is 
35*5. if, therefore, we find the weight of an element 
which unites with 35*5 grammes of chlorine, this weight 
is the equivalent of the element. 

One method of determining* the composition of the 
chloride of a metal cohsists in heating a weighed quantity 
of the metal in a current of chlorine and weighing the 
chloride formed. This method was employed by Stas in 
the case of silver. 

The methods of determining equivalents referred to 
above are of course by no means exhaustive; a large 
number of others have been applied in particular cases. 
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Elements may have more than one equivalent. — 

From a consideration of the Law of Multiple Propor- 
tion it is obvious that some elements at any rate may 
have more than one equivalent. For example, the 
equivalent of lead in the puce oxide is different from its 
equivalent in litharge. We can deduce the' two values 
from the results of Exp. 68, in which wc found that 

645 grammes of lead unito with 1 gramme of oxygen 
to form puce oxide of lead. 

12 9 grammes of lead unite with 1 gramme of oxygen 
to form litharge. 

It follows that 

645 x 8 or 51*6 grammes of *lead unite with 8 
f grammes of oxygen to form puce oxide of lead, 

and 

12*9 x 8 or 1032 grammes of lead unite with 8 
grammes of oxygen to form litharge, 
i.e. the equivalents of lead in the pflce oxide and in 
lit^rge are respectively 5 16 and 103-2. • 

Again, the weights of carbon which combine* with 8 
grammes of oxygen to form carbon monoxide and carbon 
dioxide respectively are 6 and 3 grammes ; i.e. the equiva- 
lent of carbon in the monoxide is 8, and in the dioxide 4. 

In all cases, however, where an element has more than 
one equivalent the different equivalents bear a simp\e 
numerical relation to each other; this follows from the 
Law of Multiple Proportion. In the cases considered 
above, for example, the equivalents of lead and carbon are 
respectively in the simple ratios 51*6 : 103 2 = 1 : 2 and 
8:4 = 2: 1. 

58. Equivalents of Compounds. — The term equivalent is 
also used with reference to compounds. Consider, for 
example, $ie action of acids and bases . It is found that 
36*5 grammes of hydrochloric acid and 49 grammes of 
sulphuric acid respectively neutralise 40 grammes of 
caustic soda, and that the same weights of these acids re- 
spectively neutralise 56 grammes of caustic potash. We 
may say therefore that 36*5 grammes of hydrochloric acid, 
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49 grammes of sulphuric acid, 40 grammes of caustic soda, 
and 56 grammes of caustic potash are equivalent quantities 
of these substances. 

^ The equivalent of an acid is defined as the weight of the 
acid which contains 1 gramme of hydrogen replaceable by a 
metal , and the equivalent of a base as the weight of it which 
neutralises the equivalent of an acid. ■ 36’ 5 grammes of 
hydrochloric and 49 grammes of sulphuric acid each con- 
tain 1 gramme of hydrogen replaceable by & metal, so 
the equivalents of these acids are respectively 36*5 and 49 ; 
also tlie equivalents of caustic soda and caustic potash 
are 40 and 56 respectively, since these are the weights 
which neutralise the equivalent of an acid. 

Further, we maynlefine the equivalent of a salt as the 
weight of it produced by neutralising the equivalent weight 
of an acid by a base. Thus the weight of sodium chloride 
formed when 36'5 grammes of hydrochloric acid are neu- 
tralised by caustic soda is 58’ 5 grammes , the equivalent 
of sodium chloride is therefore 58 5. 

59. <Palt$n’s Atomic Theory. — Over a century -ago 
Dalton* propounded the theory that there is a limit to the 
masses of the ultimate particles of matter capable of 
taking part in chemical change ; that, for instance, when 
oxygen is attached to an element or transferred from one 
element to another, the amount so transferred is not in- 
definitely or infinitely small, but that the transfer takes 
place step by step in masses of definite dimensions. These 
ultimate particles he regarded as being incapable of further 
division, and hence termed them atoms,* His theory is 
thus known as tlie Atomic Theory. 

This theory affords a satisfactory explanation of both 
the Law of Multiple Proportions (first established by 
Dalton) and the Law of Equivalents , and these Laws 
form the foundation on which the theory mainly rests. 

It is important that the student should realise that 
atoms are excessively small, and we can never hope to see 
them even with microscopes many times more powerful 
than the best that are in use at the present time. 

* From the Greek d, not ; rifivB, I out. 
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Small as the atoms are, their relative weights have been 
determined, and some of these will be found in the table 
in § 86, hydrogen being taken as unity. Further, very 
approximate determinations of the absolute weight of 
atoms have recently been made. 

60. Gay-Lussac s Law. — Experiments have been de- 
scribed in § 32 which show that the volumes of hydrogen 
and oxygen which combine to form water are in the 
ratio 2:1. 

If we modify the synthetic experiment (Exp. 48) in such ' 
a way that the water produced remains in the form of 
steam (by surrounding the eudiometer with a jacket filled 
with the vapour of a liquid boiling at a temperature con- 
siderably above 100° C., the boiling-point of water), we find 
tllat the volume of steam produced is equal to that of the 
hydrogen it contains. (The gases before combination are of 
course measured at the same temperature as the steam.) 

Thero is then a simple relation betwe**n the volumes of 
hydrogen and oxygen which combine together and the 
volume of steam they produce. > 

Experiments with other substances have been found to 
yield similar results (as we shall see in the sequel). For 
example : — 

1 vol. of hydrogen and 1 vol. of chlorine combine to 

form 2 vol. of hydrochloric acid gas. 

2 wl. of carbon monoxide and 1 vol. of oxygen 

combine to form 2 vol. of carbon dioxide. 

1 vol. of nitrogen and ,3 vol. of hydrogen combine, to 

form 2 vol. of ammonia. 

2 vol, of nitric oxide and 1 vol. of oxygen unite to 

form 2 vol. of nitrogen peroxide. 

Gay-Lussac performed a number of experiments like 
those referred to, at the beginning of the last century, and 
generalised the results in the following statement, known 
as Gay-Lussac' s Law of Volumes : — 

When gases combine together they do so in volumes which 
bear a simple ratio to one another and to that of the product 
(if a gas). 
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61. Avogadro’s Hypothesis. — Gay-Lussac announced 
the Law of Volumes a short time after Dalton had put for- 
ward his Atomic Theory, and an attempt was soon made 
to harmonise the two. To this end the hypothesis that 
equal volumes of all gases contain the same number of atoms 
was advanced. * 

It was soon found, however, that this hypothesis was 
untenable. The following example will illustrate the kind 
of argument which led to this conclusion. 1 

Consider the combination of hydrogen and chlorine to 
form hydrochloric acid gas. One volume of hydrogen 
combines with one volume of chlorine to form two volumes 
of hydrochloric acid gas. Let x = number of atoms t or 
hydrochloric acid g&s in two volumes ; then by the hypo- 
thesis one volume of hydrogen will contain a?/2 atoms pf 
hydrogen and one volume of chlorine a?/2 atoms of chlorine. 
Now let us take as two volumes such a volume that x — \ 
(since we can, of course, take any volume we like). Then 
x/2 = In other words, one atom of hydrochloric acid 
gas (contained in two volumes) is produced by the union 
of half f an atom of hydrogen (contained in one vqlume) ttnd 
half an atom of chlorine (contained in one volume). But, 
according to Dalton’s theory, an atom cannot be divided ; 
hence the hypothesis is incorrect. 

The problem was solved by the Italian physicist Avogadro, 
who recognised two kinds of ultimate particles — 

(a) The ultimate particle which can exist in the free 
state, as, for instance, the smallest particle of hydro- 
chloric acid gas or of hydrogen. This he termed the 
molecule . 

( b ) The ultimate particle which is capable of taking part 
in a chemical change or capable .of being transferred from 
one chemical compound to another, as, for instance, the 

# It Rhould be noted that the term “atom” was psed loosely 
here, because both elementary and compound gases were included, 
and it is obviously a contradiction in terms to speak of an atom of 
a compound , since a compound can be broken up into elements. By 
an “ atom ” of a compound was meant the smallest particle of the 
compound which can exist. 

t Atom being used here in the loose sense already explained. 
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hydrogen or the chlorine contained in the molecule of hydro- 
chloric acid gas. This he termed the atom . 

A molecule of a compound must necessarily contain at 
least two atoms*. A molecule of an element may contain 
two or more atoms, or it may consist of one atom only. 

Avogadro then restated the hypothesis which had been. 
Bhown to be untenable, as follows : — Equal volumes of gasei 
under the same conditions of temperature and pressure con- 
tain the same number of molecules. 

Let us return to the above example, namely, the com- 
bination of hydrogen and chlorine to form hydrochloric 
acid gas, and reconsider it in the light of Avogadro’s hypo- 
thesis. We will make the assumption that the molecules 
of hydiogen and chlorine are each composed of two atoms,* 
and that a molecule of hydrochloric acid gas is composed of 
one atom of hydrogen and one atom of chlorine. Further, 
we will consider the combination of nine molecules of each 
gas (any other number would do equally well). Then, 
assuming Avogadro’s hypothesis, the combination may be 
represented as below, where * 

• . o represents an atom of hydrogen. 

OO „ a molecule of 


• 

## 

„ an atom of chlorine. 

„ a molecule of „ 

OO OO OO 


M M •• 


o* o# o# 1 o# o# o • 

CX) OO OO 

+ 

»# M •• 

= 

oe oe o# oe oe oe 

OO OO oo 


M •# M 


oe oe oe ( oe oe oe 

Nino molecules 
or 

1 volume. 


Nine molecules 
or 

1 volume. 


Eighteen molecule* 
or 

2 volume*. 


But this agrees with the results of Experiment : i.e. A vo 
gadro’s hypothesis harmonises Gay-Lussac’s Law and 
Dalton’s Atomic Theory as far as the combination of 
hydrogen and chlorine is concerned. By means of similar 

* There aro very good grounds for this assumption, but we cannot 
stop to consider themjiore. 
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diagrams it can bo shown that the hypothesis affords a 
satisfactory explanation of the volumetric relations of the 
other gases considered in this chapter ; in fact its applica- 
bility has been found to be perfectly general, and we may 
consider that its truth is thoroughly well established. 


62. Symbols and Formulae. — In order to represent an 
atom of an element we use a symbol which is» an abbre- 
viation of the name of the element. In many cases the 
initial" letter of the name of an element is used as the 
symbol : e.g. an atom of hydrogen is represented by H and 
an atom of oxygen by O. When the names of two or 
more elements commence with the same letter, two signi- 
ficant letters are used — the first and one other ; one of the 
elements may, however, be represented by the initial letter 
only. For example, the names of four elements commence 
with B — barium, bismuth, boron, and bromine; the symbols 
for the atoms of these elements are Ba, Bi, B, and Br respec- 
tively. Some chemical symbols are derived from the Latin 
names, of the elements they represent ; thus an atoi% of 
copperas represented by Cu (Lab., cuprum) and an atom 
of iron by Fe (Lat., ferrum). 

Now the weights of the elements represented by the 
symbols for their atoms will of course be the weights of 
the atoms. These are expressed in terms of the weight 
of an atom of hydrogen as unity, so that the symbols H 
and 0 stand for unit weight of hydrogen and 16 units of 
weight of oxygen respectively (the atomic weight of oxygen 
being 16). - v 

When the number of atoms in a molecule of an element 
is known, the molecule is represented by placing a small 
number below and to the right of the symbol for the 
element. For example, a molecule of oxygen is represented 
by 0 2 , since the molecule of oxygen contains two atoms ; 
0 2 further represents 2 X 16 or 32 units of* weight of 
oxygen. 

If the molecule of the element only contains one atom, 
the suffix is omitted, e.g. the molecule of mercury is repre- 
sented by Hg. 
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When we wish to represent the composition of com- 
pounds we use formulae,* The formula for a molecule 
of a compound is built up by placing the symbols for the 
atoms of the'elements of which it is composed in juxta- 
position, and adding suffixes to indicate the number of 
atoms of each element present. A molecule of water, for 
example, is represented by the formula 11,0, which implies 
that two atoms of hydrogen or two units of weight are 
combined ^vith one atom of oxygen or 16 units of weight, 
to form one molecule of water weighing 18 units ( i.e . the 
molecular weight of water is 18 units). 

When we do not know the absolute number of atoms of 
each element in a molecule of the compound, as is usually 
tlio v-a.se when the substance is not in*the gaseous state, we 
write the simplest possible formula which represents the 
.relative number of • atoms of each element. Thus the 
number of atoms of copper and oxygen contained in a 
molecule of black oxide of copper is unknown, but we do 
know that for every atom of copper therrf? is one of oxygen, 
so we write the formula for the oxide CuO. # 

63. Equations. — A chemical equation is an equation 
which represents the nature and relative amounts of the 
bodies concerned in a chemical change by means of 
symbols. 

Certain chemical substances being brought together 
under suitable conditions, a chemical change takes place 
by wliic£ one or more of the constituents is set free or 
transferred, the state before and after the change being 
separated by the sign = . * 

As instances of such equations we may give the action 
of hydrogen at red heat on black oxide of copper — 

Hj -f* CuO ~ H ? O f -|“ 6u 

Hydrogen Black oxide Water Copper 
of copper 

and the action of zinc on dilute sulphuric acid — 

Zn + H 2 SO, = ZuSO, + H r 

Zlno Sulphuric acid Zinc sulphate Hydrogen 

# The term formxtjfL is also frequently applied to the symbol for 
*■ molecule of an element . • 
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Such equations may bo interpreted quantitatively according 
to the table of atomic weights given in § 6-1. Tlius — 

2 x 1 or 2 units of weight of hydrogen will effect the 
reduction of 63*5 -f 16 or 79*5 units of weight of black 
oxide of copper, yielding 2 x 1 + 16 or 18 units of weight 
of water and 63' 5 units of weight of copper. 

In the second case 

65*5 units of weight of zinc acting upon 2x1 + $2+4 X 16 
or 98 units of weight of sulphuric acid yield 65*5 + 32+4 x 16 
•or 161*5 units of weight of zinc sulphate and 2 units of 
weight of hydrogen 

It is obvious, from a consideration of the Law of Con- 
servation of Matter, that the quantity of each element ami 
the total quantity of the elements on each side of the 
equation must be the same. Thus in the first equatioh 
discussed above there are on each side two atoms of 
hydrogen or 2 units of weight, one atom of copper or 
63*5 units of weight and one atom of oxygen or 16 units 
of weight. ^The total weight of the elements on each side 
of the aquation is 2 + 63*5 + 16 or 81*5 units. . 

In writing equations to express chemical reactions, regard 
must be paid to the Btate in which the bodies concerned 
exist. If in the solid condition (and often also if in the 
liquid condition), the molecular composition of a substance 
is usually undefined, and a mere empirical statement of 
the quantity of the substance entering into the reaction 
must be made. If in the gaseous condition, the nlolecular 
composition is known and must be indicated. 

2S aud S, both represent 64 units of weight of sulphur. 
The first is the form used for expressing a certain weight 
of solid sulphur; the second expresses the same weight of 
sulphur in the form of vapour aft a high temperature, it 
being known that the* molecule of sulphur at high tem- 
perature is composed of two atoms. 

Again, the equation * 

H a + 0 = 11,0, 

though it indicates that hydrogen and oxygen unite to 
form water in the proportion of 2 X l units of weight 
of hydrogen to ,16 units of weight of oxygen (which 
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agrees with tlio result of Exp. (57), is not a correct 
representation of the combination of these gases ; fur O 
represents an atom of oxygen which cannot exist in the 
free state, but immediately unites with another atom to 
form a molecule. The equat ion must therefore be doubled 
thus — 

2H 2 + 0 3 = 2H/>. 

It will # be noticed that in doubling the equation we have 
written 2H 2 , not II 4 ; tins is because the molecule of 
hydrogen contains 2, not 4, atoms. 2II 2 represents tw& 
molecules of hydrogen each composed of two atoms ; II* 
would represent one molecule containing 4 atoms. 

Avogadro’s hypothesis enables us to give avolumetnc 
jneaning to equations when they represent the interaction 
of gases, for since equal volumes of all gases contain the 
same number of molecules, it follows that the volume 
occupied by ono molecule* of any gas (elementary or com- 
pound) is the same. It is usual, for the sake of con- 
venience, to arbitrarily fix the volume of one#nolecule of a 
gas as tiyo volumes . / 

Consider again the last equation given above. It may 
be read thus: — 2 molecules or 4 volumes of hydrogen 
unite with 1 molecule or 2 volumes of oxygen to form 2 
molecules or 4 volumes of steam; i.e. hydrogen unites 
with half its volume of oxygen to form its own volume of 
steam,. which agrees with the result of experiment. 

Again, the equation 

H,+XB, = 2HCl f 

which represents the combination of hydrogen and chlorine, 
may be interpreted thus: — 1 molecule or 2 volumes of 
hydrogen combines wiih 1 molecule or 2 volumes of 
chloiine to form 2 molecules or 4 volumes of hydrogen 
chloride; i.e. hydrogen chloride contains half its volume 
of hydrogen and half its volume of chlorine, which agrees 
with the results of experiment. 

* By the expression tf volume occupied hy one molecule ” we mean 
tho volume occupied by the molecule and also its share of the freo 
Bpace between theemolecules. 
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Below are given the equations for a few of the reactions 
we investigated in Chapter VII. and their quantitative 
interpretations. You will find that these are in agree- 
ment with the results of the experiments. 

Formation of Magnesium Oxide , — 

2Mg -f 0. 2 = 2MgO, 

•2X24-5 or 49 2X10 or 32 2 X (24*5 + 16) or 81 

units of weight units of weight units of weight 

of magnesium of oxygen of magnesium c/xide 

i.e. 1 grain of magnesium combines with 32/49 or 0 05 
'grain of oxygen. Compare this with Exps. 65(70, 05(7/). 

Decomposition of Chalk . — 

CaC0 3 = CaO + C0 2 . 

40 + 124-8X16 or 100 40 + 16 or 56 12 + 2X16 or 44 

units of weight of units of weight of jinita of weight of 

calcium carbonate calcium oxide carbon dioxide 

(chalk) (lime' 


Compare this with Exp. 66. 

Reduction of th * Oxides of Lead by Hydrogen . — 


PbO? + 

2H S = 

Pb 

+ 211,0, 

LeacP peroxide 

Hydrogen 

Lead 

Wafer 

207 + 2X 16 or 239 

2 X 2 or 4 

207 units 

2(2X1 + 16) or 36 

units of weight 

units of weight 

of weight 

units of weight 

PbO + 

H 2 - 

Pb 

+ H a O. 

Yellow oxide of lead 

Hydrogen 

Lead 

Water 

207 + 16 or 223 

2X1 or 2 

207 units 

2X1 + 16 or 18 

units of weight 

unite of weight 

of weight 

units of weight 


Compare these numbers with the results obtained in 
Exp. 68. * 

Action of Heat on Copper Sulphate Crystals , — Copper 
sulphate crystals are represented by the formula CuS0 4 , 
5H a O, which means that a molecule of copper sulphato, 
CuS0 4 , is loosely combined with ^5 molecules of water of 
crystallisation. The equations representing the decomposi- 
tion of the crystals are as follows : — 

At 140° C., CuS0 lf 5H,0 = CuSO t , H 3 0 + 4H a O. 

At 220° C., CuS0 4 , 11,0 == CuSO* + H a O. 

These equations agree with the results of Exp, G9, for 
they represent that four-fifths of the water of crystallisa- 
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tion (four molecules out of five) is given up at 1 10°, the 
remaining fifth being driven off only at 220° C. 

64. The chief Elements, the symbols representing them, 
and their atomic weights (in round numbers) in relation 
to hydrogen as unity are given in the table below. Non- 
metals are printed in italics. 


Aluminium 

A1 

27 

Lead 

Pb 

207 

Antimony 

Sb 

120 

Lithium 

Li 

7 

Argon 

A 

40 

Magnesium 

Mg 

24-5 

Arsenic 

As 

75 

Manganese 

Mn 

*55 

Barium 

Ba 

137 

Mercury 

Hg 

200 

Bismuth 

Bi 

20S 

Molybdenum Mo 

96 

Boron 

B 

11 

Nickel 

Ni 

59 

Bromine 

Br 

80 

Nitrogen 

N 

14 

Cadmium 

Cd 

112 

Oxygen 

O 

16 

Calcium 

Ca 

. 40 

Phosphoni8 

P 

31 

Carbon 

C 

12 

Platinum 

Pt 

195 

Chlorine 

Cl 

35*5 

Potassium 

K 

39 

Chromium 

Cr 

52 

Silicon 

Si 

28 5 

Cohalt 

Co 

59 

Silver 

Ag 

108 

Copper 

Cu 

63 ’5 

Sodium 

Na 

23 

Fluorine 

F 

19 

Strontium 

Sf 

87*5 

Cold . 

Au 

197 

Sulphur 

S 

••32 

Helium 

Ho 

4 

Tin 

Sn 

119 

Hydrogen 

H 

10 

Titanium 

Ti 

48 

Iodine 

I 

127 

Zino 

Zn 

65* 

Iron 

Fe 

56 





65. Valency. — The best way to approach the subject of 
valency JLs to consider the composition of a number of 
stable compounds of hydrogen and another element. The 
formulae of ten such compounds are given below — 

HP, HC1, * UBr, HI, 

Hydrogen fluoiide. Hydrogen chloride. Hydiogon bromide Hydrogen iodide. 

HA , H,S, 

Water, Sulphuretted hydrogen. 

h 3 n, 

Ammonia. Phoaphoretted hydrogen. 

H 4 C, H 4 Si, 

Marsh gas. Silicon hydride. 

We cannot study the metals in a similar mauner so 
satisfactorily because many of them do not form stable 
compounds with hydrogen. Let us instead compare the 
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formulae of a series of compounds (salts) derived from 
some acid, say hydrochloric acid (HC1), by the replacement 
of the hydrogen by metals. We have — 

(1) NaCl, KC1. 

(2) CuCl 2 , MgCl 2 , CaCl,, ZnCL,, BaCl,. 

(3) A1C1* FeCL 3 , CrCl 3 . 

The compounds in Group (1) are obviousjy derived 
from one molecule of hydrochloric acid, those in Group 
*(2) from two molecules, and those in Group (3) from 
three molecules, because they contain respectively one, 
two, and three atoms of chlorine. ' It follows that — 

(1) One atom of sodium or potassium replaces one atom 
of hydrogen. 

(2) One atom of copper, magnesium, etc., replaces two 
atom s of hydrogen. 

(3) One atom of aluminium, iron, or chromium replaces 
three atoms of hydrogen. 

In other wolds, one atom of sodium or potassium possesses 
the sanfce power of combining with the non-metal chlorine 
as one atom of hydrogen ; one atom of copper, magnesium, 
etc., has the same combining capacity as two atoms of 
hydrogen ; and one atom of aluminium, iron, or chromium 
as three atoms of hydrogen. 

An examination of the compounds derived in a similar 
manner from other acids, e.g. sulphuric, nitric, and phos- 
phoric acids, leads to like conclusions; we find, for 
instance, that one atom of sodium replaces one atom of 
hydrogen, and one atom of aluminium replaces three 
atoms of hydrogen, whichever acid is used. 

Taking the atom of hydrogQp as the standard, and 
calling its capacity to combine with other elements, or 
its valency ( i.e . worth), unity, a number can be assigned 
to each element which expresses its combining capacity 
or valency in terms of this unit. Thus, since one atom 
of chlorine unites with one atom of hydrogen, the val- 
ency of chlorine is the same as that of hydrogen, viz. 1. 
One atom of oxygen unites with two atoms of hydrogen ; 
consequently the r valency of oxygen is 2. Similarly the 
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valencies of nitrogen and carbon are 3 and 4 respectively , 
Again, one atom of sodium or of potassium possesses the 
same combining capacity as one atom of hydrogen ; 
sodium and potassium have, therefore, a valency 1. 
Similarly the valency of copper, magnesium, etc., is 2, 
and of aluminium, etc., 3. 

An element with a valency 1 is said to be monovalent , 
and the corresponding terms divalent , trivalent y etc., are 
applied to elements whose valencies are respectively 2, 3, 
etc. Thus hydrogen, chlorine, and potassium are monova-* 
lent, oxygen and copper are divalent, nitrogen and 
aluminium are trivalenf, and carbon is tetra^alcnt. 

Tt. must be added that certain metals, such as iron and 
t in, form two series of salts in which they show different 
valency. For instance, in Fe0 2 (ferrous chloride) one 
atom of iron replaces two atoms of hydrogen, i.e. iron is 
divalent , whilst in FeCl 3 (ferric chloride) one atom of iron 
replaces three atoms of hydrogen, i.e. iron is trivalent ; in 
the same way we have stannous an<? stannic chlorides 
(SnCL 2 and SnClJ in which the valency of tih is two and 
four respectively. * 

The valencies of the majority of the elements, both metals 
and non-metals, can be found from a study of their oxides 
if we assume that oxygen is divalent. Let us examine the 
formulae of a number of oxides — 

# NaA K,0, 0,0. 

# CuO, MgO, CaO, ZnO, BaO, PbO, FeO. 

ALA, BA- 
C0 2 , SO., SiO r 

N,0 S . IA- 

SO s . 

• 

We conclude that in these compounds Na, K, Cl are 
monovalent ; Cu, Mg, Ca, etc., are divalent ; Al, B are 
trivalent; C, S (in S0 2 ), and Si are tetravalent; N (in 
NA)> P (in PA). I (in I A) are pouta valent; S (in 
SO,) is liexavalent. 

It will be observed that several of the non-metals, e.g. 
iodine, nitrogen, and sulphur, are capqjble of exerting a 
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higher valency towards oxygen than towards hydrogen ; 
thus iodine is monovalent in HI and pentavalent in I 2 0 5 , 
nitrogen is trivalent in HH 3 and jpentavalent in N 2 0 5 , 
sulphur is divalent in If 2 S and tetravalent and hexavalent 
in S0 2 and S0 3 respectively. In general an element which 
is hexavalent may, in some of its compounds, be tetra- 
valent or divalent, and one which is pentavalent may be 
trivalent. It should be mentioned, however, £h a k many 
elements exhibit both an odd and an even valency, contrary 
•to the belief of the earlier chemists. 

The valencies of a number of common elements are given 
in the following table : — 


Mono* 

valent. 

Divalent 

Trivalent 

Tetravalent. 

Pentavalent. 

Hexavalent 

H 

Ba 

,A1 

Sn (io) 

P (in PC1 B> 

S (inS0 3 , 

Na 

Sr 

Cr 

C 

eto.) 

eto.) 

Cr (in 

K 

Ca * 

Fe (io) 

Si 

N (in N 2 O fl , 

Ag 

An 

Co (ic) 

S (in S0 2 , 

eto.) 

CrO a ). 

F 

As (ous) 

etc.) 

As (io) 

Cl 

Cd 

Sb (ous) 

Pb (in 

Sb (io) 


Br 

I 

Co 

Ni 

Pb 

Hg 

Cu 

Fe (oufl) 
Mn (oua) 
Sn (ous) 

0 

S(inHjS, 

etc.) 

Bi 

B 

P (in PC1 3 , 
etc.) 

N(in NH Jf 
ebo.) 

PhO a , 

eto.) 

• 


• 


66. Nomenclature of Compounds. — Compounds may be 
divided into two classes, those composed of two elements 
(called “ binary ” compounds), and those composed of three 
or more elements. 

Binary compounds may be designated according to the 
number of atoms of the elements they contain, Jhe number 
being usually stated only for the more non*metallic element, 
the termination of the name being - ide — 
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Jlj0 2 , hydrogen dioxide. 

I 2 0 6 , iodine pontoxidc. 

PC1 3 , phosphorus trichloride. 

PC1 5 , phosphorus pentacliloricte. 

Where only two compounds of the same elements exist, 
the termination - ous may be applied to the one with the 
smaller proportion of the more non-metallic element (the 
“ lower ” oxide, iodide, etc.), and the termination 4c to the 
other — 

Hgl, mercurous iodide ; Hgl 2 , mercuric iodide. 

Cu 2 0, cuprous dxide ; CuO, cupric oxide. 

Oxides which when dissolved in water form acids are 
termed “ anhydrides,” and these, together with the acids 
they give rise to, receive the terminations ous and ic in the 
same sense as before — 

N 2 O a , nitrous anhydride or nitrogen trioxide; HN0 2 , 
nitrous acid. / 

N 2 0 6 , nitric anhydride or nitrogen pentoxide ; HN0 3 , 
nitric acid. ^ 

CO a , carbonic anhydride or carbon dioxide ; H 2 C0 3 , car- 
bonic acid. 

Salts take the termination ite or ate according as they 
are derived from ous or ic acids respectively — 

H 2 SO^ sulphurous acid; Na*S0 3 , sodium sulphite. 

H 2 S0 4 , sulphuric acid ; Na 2 S0 4 , sodium sulphate. 

HNO al nitrous acid ; » NaNO a , sodium nitrite. 

HN0 3 , nitric acid; NaN0 3 , sodium nitrate. 

Where more than two pompounds of the same element 
exist further discrimination is necessary, and in the case 
of acids and salts the prefix hypo is applied to the lowest 
and per to # the highest. 

HCIO, %pochlorous acid ; KC10, potassium hypochlorite . 
HC10 2 , chlorous acid ; KC10 2 , potassium chlorite. 

HC10 V chlonc acj$ ; KC10 S , potassium chlorate. 
HC10„ perchloric acid ; KC10 4 , potassium perchlorate. 
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QUESTIONS. — CHAPTERS VIII. AND IX. 

1. Enunciate Boyle’s Law. Describe an experiment 

which illustrates it. 

2. How would you proceed to find the density of carbon 

dioxide ? 

3. Describe how you would proceed to measure the 

volume of hydrogen evolved from half a .gramme of 
magnesium by the action of sulphuric acid. 

4. H<5w would you proceed to estimate (1) the mass, (2) 

the volume of oxygen evolved on heating 1 gramme 
of red lead till decomposition was complete ? 

5. Describe experiments to illustrate the phenomenon of 

diffusion of gases. 

6. What do you understand by the chemical equivalents 

an element ? Describe an experiment by which the 
equivalent of magnesium can be determined. 

7. Describe in detail how you would proceed to find the 

chemical equivalent of copper by deposition of the 
jnetal, assuming the equivalent of zinc known. „ 

8. HoW would you proceed to determine the equivalent of 

aluminium, given a supply of the metal, some strong 
hydrochloric acid and some water ? 

9. State Gay-Lussac s Law of Combination of Oases by 

Volume , and illustrate it by examples. 

10. Explain fully what the formulae O a and CO, repre- 

sent. 

1 1 . State all that is implied by the chemical equation 

2BL, + 0, = 2H a O. 

12. What is Avogadro’s hypothesis ? Indicate the nature 

of the evidence on which jt is based. 

13. Explain the term valency, illustrating your answer by 

examples. 

14. Give examples of elements which exhibit ^more than 

one valency, and illustrate the way in which the 
composition of their compounds changes with the 
change in valency. 

15. Explain the term binary compound anti give three 

examples pi binary compounds. 



Section II.— SYSTEMATIC TREAT- 
MENT OF THE NON-METALS. 


CHAPTER X. 

HYDROGEN, H... 

J 67. Occurrence. — Hydrogen occurs in the free state as 
an incandescent gas in the sun, but in the earth it is always 
found in combination with other elements. Water is a 
compound of hydrogen and oxygen, H 2 0 ; ^many oils consist 
of hydrogen and carbon, and these elements, together with 
oxygen, form the chief constituents of animal and vegetable 
tissMe, and of organic compounds in general. / 

68. Methods of Preparation. — The more important of 
these have already been described in Chapter IV. and only 
require brief recapitulation here ; some other methods will, 
however, also be mentioned. 

(1) Direct decomposition of water by heat. — On heat- 
ing water to a high temperature, it undergoes partial decom- 



(2) Decomposition of water by the electric current.— 
This process is described in Exp. 47. 

(3) Decomposition of ater by metals at ordinary tem- 
perature. — Refer back to § 27 for an dfcperiinent illustrating 
this method of obtaining hydrogen. The metals which 
will decompose water without the application of heat are 
comparatively few in number ; they comprise the alkali 
metals (sodium, potassium, U thimnv ete.), the metals of the 
alkaline earths (calcium, strontium, barium), and mag- 
nesium (very slowly). Only half the hydrogen is liberated, 
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the equation representing the reaction in the case of 
sodium being — 

2Na + 211,0 = 2NaOH + H,. 

Sodium. Water. Cnustio soda. lljdrogen 

Caustic soda (NaOH) is formed and dissolves in the 
water, rendering it alkaline, as may be shown by pouring 
red litmus solution into t he liquid. 

Some metals which by themselves cannot decompose 
water at ordinary temperatures are able to do So when in 
contact with certain other metals. Thus if zinc be coated 
with a thin layer of copper — forming a so-called zinc- 
copper-couple* — it slowly liberates hydrogen from the water 
in which it is immersed without the application of heat. 
On warming, hydrogen is rapidly evolved ; this provides a 
convenient method of preparing the pure gas. The zinc 
alone takes part in the reaction ; it is converted into zinc 
hydroxide, Zn(OH) 2 — 

Zn + . 2H,0 = Zn(OH) 2 + H 2 . 

Again, thp metals zinc and magnesium will decompose 
water i^adily at ordinary temperature if they are in contact 
with platinum. A discussion of the explanation of these 
contact decompositions is beyond the scope of this work. 

(4) Decomposition of water by metals on the applica- 
tion of heat. — This method of preparing hydrogen was 
studied in Exp. 37. 

When heated metals decompose steam they displace the 
whole of the hydrogen, and are converted into oxides — 

8Fe + 4H a O = # + 4H,. 

Magnetic oxide 
of iron. 

Mg + H,0 = »MgO 4- H,. 

, Magnesium oxide 

of magnesia. 

Most metals will decompose water provided tha tempera- 

* The zinc-copper-couple is prepared by immersing granulated zino 
in a dilute solution of copper sulphate for a short time, and then 
removing the produot and washing it well with water to remove 
adhering salts. m 
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ture is sufficiently high ; copper, silver, and gold are notable 
exceptions. 

(5) Action of acids on metals. — Many metals act on 
dilute hydrochloric acid or dilute sulphuric acid with evo- 
lution of hydrogen. The common laboratory method of 
preparing the gas is to act on granulated zinc with dilute 
sulphuric acid, as described in Exp. 41. 

The equation representing the reaction is — 

2fn + H a S0 4 = ZnS0 4 + H 2 . 

Sulphuric and. Zinc sulphate. 

(6) Action of alkalis on metals.- A few metals, notably 
zinc and aluminium, are acted upon by a boiling solution 



of caustic potash (KOH) or caustic soda (NaOH) with 
liberation of hydrogen. If zinc and caustic potash are 
used, the reaction which takes place is represented by the 
equation — 

Zn + 2KOH = Zn(OK), + H,. 

* Potusium zinoate.* 

69. Preparation of Pure Dry Hydrogen.— The gas ob- 
tained by the common laboratory method (Method 5) is 
by no means pure. The best laboratory method for the 
preparation of pure hydrogen consists in acting on magne - 

* This oompermd is considered to exist in the residual solution, 
though it has not actually been isolated. 
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slum with dilute sulphuric acid. If the gas is required dry 
it should be passed through a small flask containing strong 
sulphuric acid* (A, Fig. 27) and collected at the pneumatic 
trough over mercury (water obviously being inadmissible). 

70. Properties. — Hydrogen is a colourless, odourless gas, 
only very slightly soluble in water, 1 c.c. of which dissolves 
about 0*02 c.c. of the gas at ordinary temperatures. It is 
the lightest substance known, its absolute density, i.e. the 
weight of one cubic centimetre of it under standard con- 
ditions of temperature and pressure being only 0 00009 
gram. The density of air undey the same conditions is 
about 144 times that of hydrogen. The lightness of 
hydrogen as compared with air may be shown by suspend- 
ing a beaker upside down from a balance and counter- 
poising ; hydrogen is then poured upwards into it so as to 
displace the air, when the beaker will show a decrease of 
weight. 

Hydrogen burns in air or oxygen with a blue non- 
luminous flame, which is very hot A solid infusible 
substance placed in the flame becomes white hot, *ind 
emits a" brilliant light. This is the principle of* the lime- 
light, in which a jet of hydrogen (or coal-gas) burning in 
oxygen impinges on a cylinder of quicklime and raises it 
to a white heat. 

In burning, hydrogen combines with oxygen, forming 
water — 2H 3 + 0 3 = 2H 3 0. 

A mixture of hydrogen with oxygen or air is violently 
explosive, as the combustion is practically instantaneous. 
Hence care has to be taken in experiments with hydrogen 
not to apply a light to the gas or to heat any part of the 
apparatus till the air has been expelled. 

Hydrogen will not support the combustion of those 
substances which burn in air. Thus a lighted taper is 
extinguished on being pushed up into an inverted gas-jar 
of hydrogen ; the gas of course takes fire and burns at 
the mouth of the jar. 

* The drying is rendered more complete by Uea use of two 
sulphuric acid flasks. < ' 
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71. Hydrides. — Hydrogen forms compounds with most 
of the non-metals (either directly or indirectly) and with 
many of the metals ; these compounds are called hydrides . 
The hydrides of the non-metals are, as a whole, stable 
compounds, but those of the metals are unstable. Exam- 
ples of non-metal lie hydrides are hydrogen chloride, HC1* 
water, H^O, ammonia, NH 3 , and marsh gas, OH 4 ; exam- 
ples of hydrides of the metals are potassium hydride, KH, 
sodium hydride, Naif, and copper hydride, Cu,U r 

• 

72. Reducing Agents. — Wo have seen in Exp. 44 that 
hydrogen is able to remove the oxygen from many hot 
metallic oxides with formation of water. In such reactions 
hydrogen is said to reduce the oxide to the metal, and 
hydrogen is spoken of as a reducing agent. 

• A reducing agent may be defined as a substance which 
is capable of removing oxygen from a compound. Other re- 
ducing agents will be met with in future chapters. 


QUESTIONS.— CHAPTER X. 

1. What metals decompose water (a) at ordinary tempera- 

ture, (fe) at red heat ? Give equations showing the 
nature of the reaction in each case. 

2. If youjdesire to obtain hydrogen in as pure a condition 

as possible, what method would you adopt ? 

3. If you desire to prepare moderately pure hydrogen in 

large quantities, what method would you adopt ? 

4. W rite down equations showing the action of iron and 

magnesium respectively on dilute sulphuric acid. 

5. Devise three experiment^ suitable for illustrating in a 

striking manner the extreme lightness of hydrogen. 

6. State the chief properties of hydrogen, dividing them 

into (a) physical properties and ( b ) chemical properties. 

7. Nam© three metallic and three non-metallic hydrides, 

and give their formula. 

8. Explain, vp&h examples, what is meant by a reducing 

agent. ~ 

SEN. OHEM. 


1 



CHAPTER XL 

OXYGEN AND OZONE. 

Oxygen, 0. 2 . 

73. Occurrence. — Oxygen is the most widely distributed 
of the elements ; it constitutes about one-half of the earth’s 
f-rust. Air contains about 20 per cent, of oxygen, water 
nearly 90 per ctfht., and the great majority of minerals 
consist largely of this element. 

74. Methods of Preparation — (1) We have already 
seen in Exp. 21 that oxygen can be prepared by strongly 
heating potassium chlorate. Tho course of the reaction 
is somewhat complex. Decomposition commences at about 
370° C., the changes represented in the two following 
equations taking place simultaneously : — 

4 KOIO, = 3 XC10 4 + KOI 
2 KC10 3 = 2 KOI + 3 0 2 . 

At higlier temperature the perchlorate is decomposed 
thus : — 

KClOj = KOI + 2 0 2 . 

It is found that if the potassium chlorate is intimately 
mixed with certain substances in a fine state of division, 
the decomposition takes place at a much lower temperature 
and with greater regularity. Examples of such substances 
are manganese dioxide, cupric oxide and finely-divided 
platinum. They are found to be unaltered the termina- 
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tion of the process, and are called catalytic agents , the 
phenomenon being termed catalysis . 

In practice manganese dioxide is the substance commonly 
used, and the laboratory method for the preparation of 
oxygen which is not required particularly pure, consists in 
heating an intimate mixture of potassium chlorate with 
about one-third of its weight of manganese dioxide. 

Exp. 84.— Weigh out about 10 grammes of potassium chlorate 
and 3 grammes of mangauese dioxide, and grind them together in 
a mortar till they are thoroughly mixed. Introduce the mixture 
into a small round -bottomed flu.sk, and set up the apparatus shown 
in Fig. 5, § 16. On heating the mixture to about 3u0° 0., i.«. a 
temperature considerably below the melting-point of potassium 
chlorate, oxygen is rapidly evolved and may be collected over 
w%ter. 

The change which takes place when manganese dioxide 
is used may be represented by the equation — 

2 KC10 a = 2 KC1 4 - 3 0£ 

It should .be mentioned that no potassium perchlorate is 
formed when a catalytic agent is used in the decomposition 
of potassium chlorate. 

(2) Many oxides on heating evolve oxygen. Two of 
those— mercuric oxide, HgO, and red lead, Pb 8 0 4 — have 
already been used to prepare the gas. The equations 
representing their decomposition on heating are — 

2 TTgO = 2 llg + 0 2 . 

2 Pb 8 0 4 PbO + O a . 

Other oxides which lose oxygen on heating are silver 
oxide, A.g 2 0, chromium trioxide, Cr0 8 , lead peroxide, PbOj, 
barium dioxide, BaO a , and manganedb dioxide, MnO a — 


2 Ag.,0 = 

4 Ag 

+ 

o a . 

4Cr0 8 - 

2 Cr,0, 

+ i 

3 O r 

2 PbO s = 

2 PbO 

+ 

O v 

»*^}£a0 2 » 

2 BftO 

+ 

0 r 

oSln0 2 «w 

Mn,0 4 

+ 

Of 
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In the case of manganese dioxide the temperature re- 
quired is much higher than that used in the preparation 
of oxygen from potassium chlorate and manganese dioxide. 

(3) Peroxides on heating with strong sulphuric acid 
yield oxygen — 

2 Mn0 2 + 2 H 2 S0 4 = 2 MnS0 4 + 2 H 2 0 + 0 2 . 

Manganese dioxide. Manganese sulphate. 

2 PbO, + 2 II 2 S0 4 = 2 PbS0 4 + 2 H a O + O a . 

Lead peroxide. * Lead sulphate. 

< 

(4) Many salts which contain a large percentage of 
oxygen are decomposed on heating, either alone or in some 
cases with strong sulphuric acid, with evolution of oxygen. 
We have already discussed the action of heat on one such 
salt — potassium chlorate. Another example is potassium 
nitrate (KN0 3 ) which on heating loses oxygen and bocomes 
converted into potassium nitrite (KN0 2 ) — 

2"KN0 8 = 2 KN0 2 + 0 2 . 

As illustrations of salts which evolve oxygen on heating 
with strong sulphuric acid we may take potassium perman- 
ganate (KMn0 4 ) and potassium bichromate (K 2 Gr 2 0 7 ) — 

4 KMn0 4 + 8 H 2 S0 4 - 4 KHSO. + 4 MnSO. + 

C H 2 0 + 5 0 2 . 

2 K 2 Cr 2 0 7 + 10 H 2 S0 4 = 4 KHS0 4 + 2 Cr 2 (&'0 4 ) 3 + 

8 H 2 0 + 3 0 2 . 

(5) If bleaching powder is mixed with certain oxides 
such as cobalt oxide (CoO), or cupric oxide (CuO), and the 
mixture made into a paste with water, a ready supply of 
oxygen is obtained on gently heating. Here again the 
oxide plays the part of a catalytic agent. 

Bleaching powder is a mixture of a substarfce, CaOCl 2 , 
with slaked lime, Ca(OH) 2 . On treating as above described 
the following decomposition takes place : — 

2 CaOCl 2 * 2 CaCL* + % 
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75. Manufacture of Oxygen. — At the present time oxy- 
gen is manufactured by liquefying air and then distilling 
off the more .volatile nitrogen. Until recently, however, 
a process known as Brim's process was used. This depends 
upon the fact that when baryta, BaO, is heated to dull 
redness in air it takes lip oxygen and is converted into the 
dioxide, Ba0 2 , which at a bright red heat loses the oxygen 
which it had taken up, and is transformed again into 
baryta — 

2 BaO + 0 2 = 2 BaO a . 

2 Ba0 2 = 2 BaO + 0 2 . 

The original proposition of Boussingault to prepare 
oxygen on the largo scale in this way failed owing to 
certain difficulties. These were, however, finally overcome 
by the Brin process. In this process the same reaction 
was made uso of, but it was found that in order to make 
the process a continuous one the following conditions must 
be. attended to : — # 

(a) the air must be freed from C0 2 and excessive moisture. 

(b) the baryta must be so prepared as to obtain it in a 
firm and yet porous condition. It is obtained in the best 
condition by heating barium nitrate. 

(c) the temperatures employed in the oxidation of the 
baryta and its subsequent deoxidation must be kept as low 
as possible. 

An important modification of the original process was 
also made under which it was no longer necessary to work 
alternately at higher and lower temperatures. By means 
of a force-pump the air ^as brought into contact with the 
heated baryta under a pressure of about 15 lbs. to the 
square inch When sufficient time had elapsed to allow of 
conversion into barium peroxide connection was made with 
an exhaust pump, and the pressure reduced to about one- 
tenth of an atmosphere. Under so low a pressure the 
barium pe^aiyde was decomposed at the same temperature 
which under lnjher pressures sufficed to form it. Instead, 
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therefore, of varying the temperatures it is only necessary 
to establish high and low pressure alternately, the periods 
of operation being about a quarter of an hour. 

The baryta was contained in a number of iron cylinders 
connected together by pipes and placed vertically in a 
furnace and heated by " producer gas.” The working was 
practically continuous and only needed to be interrupted 
about every six months for the purpose of breaking up the 
baryta and adding a little fresh material. 


76. Properties. — Oxygen is a colourless, odourless gas 
only slightly soluble in water, 1 c.c. of which dissolves 
0*0489 c.c. of the gas at 0° C. and 0 034 c.c. at ordinary 
temperatures. The weight of 1 c.c. of oxygen under 
standard conditions of temperature and pressure, t. e. its 
absolute density, is 0*001429 gramme. Since 1 c.c. of hydro- 
gen weighs 0*00009 gramme under standard conditions, the 
relative density oC oxygen taking hydrogen as unity is 


0*001 42S 
0*00009 


15*88. Taking air as unity the relative density 


. . 0*001429 

of oxygen is q-qq 12935 


1*106 (for 1 c.c. of air under 


standard conditions weighs *0012935 gramme), i.e. oxygen 
is slightly heavier than air. 

As has already been stated, the atomic weight of oxygon 
is usually taken as the standard with the value 16. Since 
the molecule of oxygen contains two atoms the molecular 
weight of oxygen is 2 x 16 — 32. 

The distinguishing feature of dxygen is that it combines 
readily with nearly al$ the elements, and often with such 
energy that the union is accompanied by manifestation of 
light and heat. This phenomenon is termed “ cotabustion,” 
and oxygen is consequently a powerful supporter of combus- 
tion. A glowing splinter of wood, if plunged into oxygen, 
immediately bursts into flame, a property. jvhich is only 
shown by one other gas, nitrous oxide. € 
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Experiments have already been described in Chapter 
II. illustrating the properties of oxygen, and the student 
should refer hack to them. The chemical changes which 
take place when sulphur, phosphorus, carbon and iron burn 
in oxygen are represented by the following equations : — 


s 

+ 

o 2 

= so ? . 

Sulphur dioxide. 

•P4 

+ 

r> o 2 

= 2 P,o 6 . 

rho&phorus pentoxide. 

0 

+ 

o* 

= CO 

Carbon dioxide. 

3 Fo 

+ 

O 

Cl 

Magnetic oxide of iron e 
or tri ferric tetroxide. 


. 'Other metals, besides iron, burn brightly in oxygen ; thus 
sodium is converted into sodium peroxide, Na 2 0 2 , magnesium 
into magnesium oxide, MgO, and so on. 

We have also seen, however, that oxidation can go on at 
ordinary temperatures. Thus, iron rusts in moist air 
forming ferric oxide, Fe 2 0 3 , combined with some water ; 
phosphorus fumes and gives out a faint luminosity in air 
forming phosphorous oxide, P 4 O rt , and other compounds. 
Organic matter and some mineral substances, such as iron 
pyrites, also undergo oxidation in the air at ordinary 
temperatures. This phenomenon of oxidation without the 
application of heat is often termed slow combustion , though 
the usual manifestations of combustion, viz. the production 
of light and sensible heat, are, as a rule, absent. As a 
matter of fact, heat is Deing given out during these 
reactions, but so slowly that its production is not 
apparent. 

Oxygen plays an important part in vital processes, both 
in the animal and vegetable organisms, transforming car- 
bonaceous substances ultimately into carbon dioxide and 
hydrogenous substances into water. This accounts for the 
fact that exhaled breath always contains carbon dioxide 
and water vapour. It is the heat evolved during these 
processes ^li^bmain tains the body of an animal at the 
necessary temperature. 



120 


OXYGEN AND OZONE. 


77. Oxidising Agents. — An oxidising agent is a, substance 
which is able to give up oxygen to other substances .* Oxygen 
itself is therefore the oxidising agent par excellence . The 
substance which combines with the oxygen is said to be 
oxidised , or to undergo a process of oxidation. It will bo 
noticed that the definition of an oxidising agent given 
above is the reverse of the definition of a reducing agent 
given in § 72. The processes of oxidation anc^ reduction 
usually go on together, the oxidising agent being reduced 
and the reducing agent oxidised. Thus when nitric acid, 
which is an oxidising agent, acts on metallic tin, which 
is a reducing agent, the acid is reduced to various oxides 
of nitrogen, and the tin is oxidised to stannic oxide 
(Sn0 2 ). 


78. The Oxides. — With the exception of fluorine and 
bromine, all the elements combine with oxygen forming 
oxides. These have already been classified in Chapter VII., 
but it will well to again state the three classes before 
going oij to consider them more closely. They are — 

(11 Acidic oxides. 

! 2) Basic oxides. 

3) Peroxides. 

Acidic Oxides. — It was Lavoisier who first showed that 
the oxides of certain elements (viz. the non-metals), when 
dissolved in water, form acids The following equations 
represent the reactions which take place when some of 
these oxides, called acidic oxides t combine with water : — 

« 

# The definition of the term oxidation is often extended to include 
any increase in the ratio of the non-metallic to the metallic part of 
a substance. Thus the conversion of stannous chloride (SnCy 
into stannic chloride (SnCI.) by chlorine is spoken of as the 
oxidation of stannous chloride to stannic chloride. In suoh cases 
the compounds are considered as derivatives of the corresponding 
oxides. A corresponding extension will have toj^/made in the 
definition of an oxidising agent. Similar exteugr^Si are also made 
in the definitions of reduction and reducing agent . 
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SO, + 

Sulphur dioxide. 

h 2 o 

= HjSOj. 

Sulphurous acid. 


so 8 + 

ii 2 o 

= h 2 so 4 . 

Bulphur trioxide. 


Sulphuric acid. 

p A + 

ti 2 0 

= 2 HPOg. 

Phosphorus pentoxido. 


Mctaphosphoric acid. 

CO, + 

Carbon dioxide. 

h 2 o 

= HjCOg. 

Carbonic add. 

n 2 o 6 + 

Nitwgen pentoxide. 

h 2 o 

- 2 HNOj. 

Nitrio acid. 


Basic Oxides. — These are the oxides of the metals which 
on treatment with acids yield salts and water only (cf, 
peroxides). A few of them are soluble in water, com- 
bining with it to form hydroxides. Such are potassium 
monoxide, K 2 0, calcium monoxide or quick lime, CaO, and 
barium monoxide, BaO. With water these form, respect- 
ively, potassium hydroxide or caustic potash, KOH, 
calcium hydroxide or slaked lime, Ca(OH) 2 , and barium 
hydroxide, Ba(01I) 2 . ** 

K 2 0 + 1T 0 0 - 2 KOH. 

CaO + lip - Ca(OH) 2 . 

BaO + H 2 0 « Ba(OH)“. 

The majority of the metallic oxides are, however, in- 
soluble in water, and their hydroxides can only be obtained 
indirectly. Examples of insoluble oxides are zinc oxide, 
ZnO, and mercuric oxide, PgO. ^ 

Oxides which are both Acidic and Basic. — There are 
some oxides which at otfe time play the part of basic 
oxides and at another of acidic oxides^ and it is only by con- 
sidering the nature of the salt in which they occur that 
we can say in which capacity they are acting. For in- 
stance, sodium stannate, Na^SnOg, is formed from soda and 
oxide of tin, the oxide of tin being the acid constituent, 
whilst in stiwuuc sulphate. Sn(S0 4 ) 2 , the oxide of tin is the 
basic constituent?* 
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Peroxides. — These are oxides which contain a high per-_ 
centage of oxygen and do not form corresponding salts^ 
wi th ac fds^ ' They may be divided - into two classes * (tj 
flidse winch form hydrogen peroxide with dilute mineral 
acids; (2) those which do not. Examples of Class (1) are 
barium peroxide, BaOj, and sodium peroxide, Na 2 0 2 ; and 
of Class (2) manganese dioxide, MnO*, and lead peroxide, 
Pb0 2 . A ll peroxi des pn heating with strong sulphuric 
acid evolve oxygen and form "sulphates corresponding to a 
ltfwer oxide of the njetat Thus barium peroxide forms 
'Barium sulphate corresponding to BaO, and lead peroxide 
forms lead sulphate corresponding to PbO. 

) 2 Ba0 2 + 2 H 2 S0 4 = 2 BaS0 4 + 2 H./) + 0 2 . 

2 Pb0 2 + 2 H 2 S0 4 = 2 PbS0 4 + 2 H 2 0 + 0 2 . , 

Exp. 85. — Heat gently small quantities of barium peroxide and 
lead peroxide with strong sulphuric acid in test-tubes, and test the 
evolved gas for oxygen. 

A peroxide belonging to Class (2) evolves chlorine on 
heating* with strong hydrochloric acid, and is t converted 
into the chloride corresponding to a lower oxide; 

* g. Pb0 2 + 4 HC1 =* PbCl 2 + 2 II 2 0 + Cl 2 . 

One belonging to Class (1), on the other hand, yields oxygen 
and the chloride derived from a lower oxide on similar 
treatment ; 

e. g, 2 Ba0 2 + 4 HC1 = 2 BaCl 2 + 2 U 2 0 + 0 2 . 

79. Proof that Oxides contain Oxygen. — The following 
method may be adopted to prove that oxides which do not 
evolve oxygen on heating, and are not reduced on heating 
in hydrogen («. g. quiqjdime), contain oxygen : — 

Exp. 88. — Introduce a layer of quicklime (CaO) into a tube 
similar to that used in Exp. 31. Arrange the tnbe ana accessories 
as in Fie. 13, but connect it with an apparatus for preparing dry 
hydrochloric acid (see Exp. 119) instead of hydrogen. On heat- 
ing the quicklime and passing dry hydrochloric igfid water is 
formed and drops over into the watch -glass, Jp-J&S proving that 
quicklime contains oxygen, for we know that dry hydrochloric acid 
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does not, since it is produced by the direct combination of the 
elements hydrogen and chlorine. 

OaO * + 2 HC1 = CaCl 2 + F.,0. 

Quicklime. rijdrochloric Calcium Water, 

acid. chloride. 

Ozone, O s . 

80. Uncter certain conditions oxygen is found to possess 
a peculiar odour similar to that observed in the neighbour- 
hood of an electrical machine during electrical discharge ; 
and it differs from ordinary oxygen in its physical and 
chemical properties. This modified form of oxygen is 
termed ozone. 

Exp. 87. — Preparation and Properties of Ozone.— Ozone 
occurs in the oxygen produced during the electrolysis 
of water, and is produced in small quantity during the 
slow oxidation of phosphorus (see § 76), but it is most 
conveniently obtained by passing u a ^pilent discharge 99 
from two Grove’s cells and an induction coil*, Jh rough dry 
oxygen. For this purpose the apparatus shown (jj'ig. 28) 
may be u£cd. An outer tube A B ending below in a 
narrower portion bent into a Lhtubo, is provided with two 
stopcocks, and an inner tube of somewhat smaller diameter, 
closed at the bottom, and sealed in at A. The outer tube 
is surrounded throughout its whole length by a coil of 
platinum^ wire, and the inner tube is filled with dilute 
sulphuric acid, and another platinum wire dips into this. 
The stopcocks are opened, and concentrated sulphuric acid 
is poured into the U-tube, Vhich serves as a gauge, and 
dry oxygen passed through the annular space till the air is 
swept out. Now close the stopcocks and connect the two 
platinum wires to the terminals of the induction coil. The 
temperature of the apparatus should kept constant during 
the experiment, and this may easily be effected by sur- 
rounding it*with water at the same temperature as the room. 
After passing the silent discharge for a little while some 

* The exact nature of this electrical phenomenon (produced by the 
apparatus des^riffci^^elow) is not understood ; it appears to be doubtful 
whether any true eretttric current passes through tne oxygen or not. 
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of the oxygen contained in 



the space between the tubes will 
have been converted into ozone, 
and the following observations 
may be made : — 

(1) The volume of the gas in 
the annular space diminishes, as 
will be indicated by the sul- 
phuric acid in the $auge. By 
determining beforehand the 
relative volume of the space in 
which the oxygen is confined, 
and that of a given length of 
the U-tube, an approximate 
estimate may be made of the 
amount of contraction. 

(2) Attach a tube at the 
upper stopcock, open both 
stopcocks, and drive out some 
of the ozonised oxygen at the 
lower one, holding a paper 
dipped in solution of potassium 
iodide near the outlet. The 
paper will turn brown from 
the liberation of iodine, the 
ozone being transformed into 
ordinary oxygen. 

2 KI + 0 3 + H 2 0 = 2 KOH 

. + O a + I 2 . 

(3) Bleach indigo or moist 
litmus in a similar way. 

(4^ Note the odour of the 
ozone. 

(5) Put a globule or two 
of mercury in a small flask 
and pass ozonised oxygen into 
the flask. On shaking, the 
mercury is j^ffcfiicially oxi- 
dised, loses its convexity of 
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Burface, and spreads out in a film on the walls of the 
fiask. 

(6) Expel the ozonised oxygen from the lower stopcock 
through a glass tube about 20 cms. long, heating the 
tube to dull redness ; at 250° C. ozone is transformed into 
oxygen, and after heating, a test made as in (2) should 
give no liberation of iodine. 

The above observations show the great chemical activity 
of ozone, £nd the features by which it is distinguished 
from oxygen, for ordinary oxygen does not bleach, nor 
does it oxidise mercury or liberate iodine from potassium 
iodide at ordinary temperatures ; ozone also readily attacks 
rubber tubing, and rubber connections should therefore 
be avoided in making experiments with the gas ; it may 
be -added that ozone is readily taken up by turpentine 
and certain other essential oils. 

By using the method described above, not more than 
8 or at most 10 per cent, of the oxygen can be transformed 
into ozone. If, however, ozonised oxygeii is passed through 
a tube surrounded by liquid oxygen, the ozontJ condenses 
to a blue liquid, which boils at - 110° C. with formation of 
a blue explosive gas. 

81. Composition of Ozone. — The density of pure ozone 
prepared in this way has been shown by Ladenburg to 
be 24 (H = 1). Its molecular weight, therefore, is 2 x 24 
= 48. ^Tow since the atomic weight of oxygen is 16, 
a molecule of ozone must consist of three atoms of oxygen, 
for 3 x 16 = 48. This explains why there is a diminution 
of volume when oxygen is converted into ozone, for three 
molecules of oxygen (0 2 ) give rise to only txoo molecules of 
ozone (0 3 )— 

3 0 2 = 2 0 8 . # 

Applying Avogadro’s hypothesis, it follows that three 
volumes of 6xygen should give rise to two volumes of ozone. 
This may be proved experimentally in the following 
manner : — 

The contrthAtmn in volume on ozonising a known volume 
of oxygen is me&sured. The ozone is then absorbed by 
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turpentine, and the farther diminution in volume noted. 
Thus suppose in an experiment 100 vols. of oxygen con- 
tracted to 97 vols. on being ozonised, and absorption with 
turpentine caused a further diminution of volume to 91 
vols. Then we have — 

Volume of ozone = (97-91 vols.) =6 vola. 

» n oxygen from which it was formed = (100 - 91 vola. ) =9 vols. 

The ozone was therefore formed by the condensation of 
9 volumes of oxygen into the space of 6 volumes, or 3 
volumes of oxygen condense to produce 2 volumes of ozone. 

82. Allotropy. — Oxygen and ozone afford the first 
example of a phenomenon exhibited by several elements, 
namely, of existing in two or more forms with diffcront 
physical and to some extent chemical properties. The 
less common forms are said to be allotropic modifications 
of the commonest; thus ozone is an allotropic modification 
of oxygen. Wfyen one allotropic modification of an 
element is^ converted into another, heat is invariably 
either pvolved or absorbed ; if there are two modifications 
of an element A and B, and if heat is evolved when A 
is converted into B, it will be absorbed when B 
is converted into A. Now oxygen is changed into ozone 
with absorption of heat. It is a general rule that bodies 
produced with absorption of heat are decomposed very 
easily, giving out the heat absorbed in their formation. 
This explains the greater activity of ozone as compared 
with oxygen. The molecule of ozone readily breaks down 
into a molecule of oxygen ahd a free atom of oxygen, 
with evolution of heat — 

0 3 = O s f o. 

This free atom of •oxygen immediately attacks any 
oxidisable substance within reach, such as mercury, 
potassium iodide, etc., and if no such substance is present 
the free oxygen atoms unite to form stable molecules of 
oxygen. 

The reason that a free atom of oxygen is jfp much more 
active than a molecule of oxygen is thablSefore the latter 
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can enter into a chemical reaction it must be broken 
down into two atoms of oxygen, and it requires the 
expenditure of a considerable amount of energy to bring 
this about. 

83, Nascent state. — An element when just liberated from, 
a compound is said to be nascent ( nascor t I am born), and 
in general it shows special activity when in this state. 
This will be understood from what has just been said 
with regard to oxygen, for an element is always in the 
atomic condition when just set free from combination. 

Another examplo of the greater activity oi an element 
in the nascent state is afforded by the following experi- 
ment with hydrogen : — 

-£zp. 87a. — Prepare hydrogen by the action of granulated zinc on 
dilute sulphuric acid and convey it by means of a delivery Lube into 
a beaker containing a solution of potassium permanganate (pink). 
Introduce some of the permanganate into a second beaker and add 
dilute sulphuric acid and zinc. Note that in Ac latter case the 
colour of the permanganate gradually disappears, whereas in the 
former case it remains unchanged. # 

The explanation is that when the hydrogen is produced 
in contact unth the potassium permanganate, as in the 
second case, it is in the nascent state (H) and reduces the 
permanganate in presence of sulphuric acid with formation 
of manganous sulphate, which is practically colourless in 
dilute sohffcion. 

Zn + H 2 S0 4 ZnS0 4 + 2 H 

• Nnaecnt 

2KMu 0 4 + + ion 

Nascent 

= \v„SO., + 2 MnS0 4 + 8 H.,0. 

Mangancm* 

•ulpbate 

When, on the other hand, the hydrogen is produced 
externally anti then passed into the permanganate solution, 
as in the first case, it is in the molecular state (H 3 ) and 
exercises no reducing action. 
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aUESTIONS.— CHAPTER XI. 

1. Describe the laboratory method of preparing oxygen, 

and sketch the apparatus used. 

2. Give a list of oxides which evolve oxygen on heating, 

and represent the decompositions which they under- 
go by equations. 

3. Express by equations the changes which, take place 

when the following substances are heated : (1) a 
# mixture of manganese dioxide and strong sulphuric 
acid, (2) potassium nitrate, (3) a mixture of potas- 
sium permanganate and strong sulphuric acid. 

4. How may oxygen be obtained from bleaching powder ? 

5. State how baryta may be used as a means of obtaining 

oxygen from the atmosphere. 

6. Give instances of the formation of oxides by the 

action of oxygen on elementary substances, (a) 
where such action takes place at ordinary temper- 
atures, ( b j where heat must be applied in order to 
start the reaction 

7. What takes place when the products of combustion 

of carbon, sulphur and phosphorus are respect- 
ively brought into contact with water ? 

8. What is meant by slow combustion ? 

9. Explain the term oxidising agent. 

10. What is an oxide ? Give instances of oxides of the 

metals which are soluble in water, and of oxides 
which are insoluble in water. 

11. Given metallic magnesium and sulphuric acid, how 

would you prepare a specimen of Epsom salts 
(MgSO i . 7 H 2 0) ? 

12. Give examples showing that the same oxide may at 

one time function as the acidic constituent of a 
salt, and at another time as the basic constituent. 

13. How do the peroxides differ (a) in composition, ( b ) 

in their chemical deportment, from ordinary oxides ? 

14. How would you prove that lime contains oxygen ? 



CHAPTEK XII. 

ACIDS— BASES— SALTS— TYPES OF CHEMICAL CHANGE. 

84. Acids. — A brief historical sketch of the use of the 
term “ acid ” will be of value, before wo cdhsider the mean- 
ing assigned to it at the present time. The* properties 
originally associated with an “ acid ” were — # 

(1) Sourness (Gk. o£vs, L. acidus, sour). 

) (2) Solubility in wa£er. 

r' (3) P owe r of removing the alkaline properties of such 
substances as caustic soda and caustic potash. 

(4) Power o£ changing the colour of certain blue vege- 
table substances (such as litmus) to red. 

It was found, however, that certain substances not 
included under the head of Acids possessed all these pro- 
perties. Thus alum has a sour taste, is soluble in water, 
deprives caustic soda of its alkaline properties, and turns 
blue litmus red. # 

After Lavoisier’s discovery that the compounds produced 
by burning certain elements in oxygen yield acids with 
water, it was assumed that oxygen was the essential con- 
stituent of an acid . This view was overthrown when it 
was proved that certain acids such as hydrochloric acid 
(HC1) and sulphuretted hydrogen (H 3 S) do not contain 
oxygen at all, A*distmction was then made between acids 
m, ctiem. 129 • ^ 
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which do contain oxygen and those which do not. The 
former were (and still are) called oxyacids and the latter 
hy dr acids. 

It was Davy who first showed that hydrogen and not 
oxygen is the essential constituent of an acid. He was 
led to this conclusion by the discovery that iodic anhydride 
(I s 0 6 ), which contains oxygen but no hydrogen, is not an 
acid, but on treating it with water (t. e. with a compound 
of hydrogen and oxygen) it acquires acid* properties. 
About the same time Dulong arrived at a similar conclusion 
as a result of studying the action of metallic oxides on 
oxalic acid. He considered that when an acid was treated 
with a metallic oxide the metal of the oxide replaced the 
hydrogen of the acid with formation of a salt. 

At the present time an acid may be defined as a sub- 
stance which 

(1) contains hydrogen, part or all of which is replaced 

by a nietal when the acid is treated with the 
nietal itself (not in all cases), or with an oxide 
or hydroxide of the nietal ; 

(2) usually lias a sour tasce ; 

(3) is usually corrosive ; 

(4) changes the colour of certain blue vegetable sub- 

stances to red, or in certain cases (carbonic acid, 
boric acid) to a claret colour. 

€ 

Clause (1) of this definition excludes such substances as 
alum which fulfil the remaining conditions. 

/ A very good and concise definition is the following: — 
jAn acid is a substance containing hydrogen part or all of 
' which it exchanges for potass imn (or sodium) when brought 
in contact wiili caustic potash (or caustic soda), 

f 85. Salts. — A salt may be defined as a substance pro- 
j duced by the replacement of part or all of the hydrogen of 
{ an acid by a metal or group of elements (such as NH 4 ) 
/ which takes the place of a metal. « 

^ Thus when zinc dissolves in hydrochloric acid the zinc 
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replaces the hydrogen of the acid forming the salt zinc 
chloride, ZnCl 2 — 

5 Zn + 2 HC1 = ZnCI 2 + H J 

*> Acid. Salt. 

Again, when one molecule of caustic soda, NaOH, reaots 
with one molecule of sulphuric acid, H 2 S0 4 , part of the 
hydrogen of the acid is replaced by tiie metal s<xUum form- 
ing the salt acid sodium sulphate, NaHS0 4 — 

NaOH + H 2 S0 4 - NaHS0 4 + H 2 0. • 

Acid. Salt. 

^ 86. Bases. — A base may be defined as a substance which 
with an acid produces a salt and water only . The sub- 
stances included as bases adopting this definition are basic 
oxides and hydroxides of the metals or of a group of 
elements equivalent to a metal (e. g. NH 4 ). Thus, hydro- 
chloric acid reacts with the base calcium oxide, to produce 
the salt calcium chloride and water — 

vT CaO + 2 II Cl = CaCl 2 + H 2 0. • 

Base. Acid. Salt. Water. - # 

Again, sulphuric acid reacts witli the base zinc hydroxide, 
to produce the salt zinc sulphate and water — 

Zn(OH) 2 + H,S0 4 - ZnS0 4 + 2 H.,0. 

Uuse. Acid. Salt. Water. 

Once again, nitric acid reacts with the base ammonium 
hydroxnSe, to produce the salt ammonium nitrate, and 
water — 

NH 4 OH + HNO a " * NH 4 N0 8 + H 2 0. 

Base. Acid. Salt. Water. 

Usually, certain substances are, for convenience, called 
bases which do not conform to the above definition. These 
are ammonia (NH S ), and its numerous derivatives (such as 
aniline) which are met with amongst the compounds of 
carbon. These substances form salts with acids, but with- 
out the production of water. Thus ammonia with hydro- 
chloric acid gives the salt ammonium chloride — 

NH S + HC1 - NH.OL 

Acid. Salt. 
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It is unfortunate that n separate name has not been 
adopted for these substances. 

jL— Alkalies. — Those bases which are soluble in water, such 
as caustic soda and lime, are called alkalies ; they possess 
special properties, which may be illustrated by the following 
experiment : — 

Exp. 88. — Take some caustic soda and lime, and iqoisten them 
with water. Add to them (1) litmus, (2) olive oil, and shako the 
mixture*. In both cases the litmus is turned blue, and the oil dis- 
appears gradually, from the formation of soap. The caustic soda 
solution feels soapy to the touch, and has a taste like washing soda. 

87. Basicity of Acids. — Some acids can only produce one 
salt by interaction with a given base, whereas others can 
form two, three, or even four different salts. This may*be 
studied by experiment. 

Exp. 89. — Measure out 50c.cs. of dilute hydrochloric acid into an 
evaporating basin, %nd gradually acid dilute caustic potash to it 
from a graduated cylinder, until the solution ifl neutral to litmus. 
Note the volume of caustic potash used. Now measure out another 
50 c.cs. t>f the acid into a second evaporating basin, and add to it 
half the quantity of caustic potash required to neutralise it. 
Evaporate the two solutions down to small bulk, and allow to cool. 
Crystals will separate out from each ; drain away the mother liquor 
from them, and dry between blotting-paper. Examine the two lots 
of crystals. You will notice that they are quite similar in appearance. 

Exp. 90. — Proceed exactly as in the last experiment, butjise dilute 
sulphuric acid instead of hydrochloric acid. Again examine the two 
sets of crystals. This time they differ in appearance. 

« 

From these two experiments we learn that hydrochloric 
acid only gives one salt with potash, whereas sulphuric acid 
gives two salts. On comparing the formulae of these acids 
— HC1, II 2 S0 4 — it wjjl be noticed that whilst the former 
only contains one atom of hydrogen in its molecule the 
latter has two. When we neutralised hydroohloric acid 
with caustic potash, wo replaced the hydrogen atom of 
each of the molecules of acid by potassium according to tho 
equation — 


IvOlI + HC1 - KOI + H. 0 
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and when we only added half the quantity of potash 
required for neutralisation, wo replaced the hydrogen 
atoms of half the JIC1 molecules by potassium according 
to the same equation. The other half of the HC1 
molecules remained unattacked. 

On neutralising sulphuric acid with caustic potash, the 
two hydrogen atoms of each molecule of the acid were 
replaced bj potassium according to the equation — 

2 KOH + H 2 S0 4 = K 2 S0 4 + 2 H 2 0. . 

When, however, only half the quantity of potash was 
used only one atom of hydrogen in each molecule of the 
acid was replaced by potassium, the equation being — 

KOH + II 2 S0 4 - KHS0 4 + II 2 0, 

No acid remained unacted upon here, as was the case 
with hydrochloric acid. If we had gone further and used 
only one-third the quantity of potash required to neutralise 
the sulphuric acid, we should not have* obtained another 
new salt. The reaction would have proceed*?!! as in the 
last equation, and some of the acid would have remained 
unacted upon. 

Phosphoric acid contains three atoms of hydrogen, and 
gives rise to three classes of salts according as one, two or 
all of thevse atoms are replaced by a metal — 

. H 8 P0 4 + NaOH = NaH 2 PG 4 + HA 
n 3 P0 4 + 2 NaOH » Na 2 HP0 4 + 2 H“0. 

H b P 0 4 + 3 NaOT^ - Na 3 P0 4 + 3 H'O. 

It must not be assumed that all the atoms of hydrogen 
in an acid are necessarily replaceable by a metal ; this is 
often not the cose. Fop instance, acetic acid has the 
formula C a H 4 0«, but only one of the four hydrogen atoms 
can be replaced by a metal. To indicate this we may 
write the formula C a H 8 0 3 ‘H, showing that one hydrogen 
atom differs in properties from the others. On neutralising 
acetic acid with caustic soda the following change takes 
placo : — • 

0,H g O a H + NaOH « C a H 8 O a Na + H*0. 
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The number of atoms of hydrogen replaceable by a metal 
contained in one molecule of an acid, is termed the basicity 
of the acid. Thus the basicity of hydrochloric acid is 1, 
of sulphuric acid 2, of phosphoric acid 3, and of acetic acid 
1 ; or, in other words, hydrochloric and acetic acids are 
monobasic , sulphuric acid is dibasic , and phosphoric acid is 
tribasic, 

88. Normal and Acid Salts. — Salts produced by the 
replacement of the whole of the replaceable hydrogen of an 
acid by metals are called normal salts. Potassium chloride 
(KC1), normal potassium sulphate (K 2 SOA trisodium 
phosphate, or normal sodium phosphate (Na 3 P0 4 ), and 
sodium acetate (C 2 H 8 0 2 * Na) belong to this class. When 
only part of the replaceable hydrogen of an acid is replaced 
by metals, the resulting salts are known as acid sails . 
Such are potassium hydrogen sulphate or acid potassium 
sulphate (KHS0 4 ), disodium hydrogen phosphate (Na 2 HP0 4 ), 
and sodium dihydFogen phosphate (NaH. 2 P0 4 ). 

It shoukHoe noticed that normal salts are not by any 
means ftlways neutral to litmus and similar indicators. 
Some of them show an acid reaction (d. g. copper sulphate, 
CuS0 4 ), whilst others show an alkaline reaction ( e . g. normal 
sodium carbonate, Na 2 CO a ). Sodium chloride and normal 
potassium sulphate are examples of normal salts which are 
neutral. 

So, again, though many acid salts are acid to litmus, this 
is not true for all. Disodium hydrogen phosphate, for 
instance, shows an alkaline reaction. 

89. Basie Salts. — On considering the formulae of the 
bases potassium hydroxide, KOhL lead hydroxide, Pb(01l) 2 , 
and bismuth hydroxide, Bi(OH^, it will be noticed that 
they differ in the number of hydroxyl (OH) groups which 
they contain. The question arises, whether these Oil 
groups can be successively replaced by the acid group of an 
acid («. g. NOg, the acid group of nitric acid) in the same 
way that the hydrogen atoms of a poly basic acid can be 
successively replaced by a metal. This is found to be the 
case very frequently, and, just as the basicity of an acid is 
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determined by the number of replaceable hydrogen atoms 
its molecule contains, so the acidity of a base is determined 
by the number of hydroxyl groups it contains. (We will 
leave out of consideration for the present the case of oxides , 
dealing only with hydroxides .) Thus KOH is a monacid 
base, Pb(OH) 2 is a diacid base, and Bi(OH) 3 is a triacid 
base. 

When only part of the OH groups of a base are replaced 
by an acic? group, the salt formed is termed a basic salt. 
Thus Pb(01I) 2 gives basic load nitrate, Pb(OH)(NOA 
by the replacement of one of its hydroxyl groups by the 
acidic group NO g (from HN0 8 ). When both hydroxyl 
groups are replaced, normal lead nitrate, Pb(N0 8 ) 2 , is 
formed. 

Basic salts may be made in three ways — 

(1) By treating the base with insufficient acid to convert 
the whole of the base into the normal salt. 

Thus, on treating a molecule of bismuth hydroxide with 
one of nitric acid, only one of the OH groups of the base is 
replaced by N0 3 — 

Bi(OH) a + HNOg - Bi(0H) 2 N0 8 + H,0. # 

(2) By treating the normal salt with excess of water. 

Normal bismuth nitrate is converted by the action of 

water into the same basic salt that was obtained in (1) — 

Bi(NO a ) 3 + 2 Ii 2 0 - Bi(OII) 2 NOg + 2 HNO a . 

(3) By mixing the normal salt and tho free base. 

Thus, on mixing normal lfcad acetate and lead hydroxide, 

basic lead acetate is produced — 

Pb(C a II s 0 2 ) 2 4- Pb(OII) 2 - 2 Pb(0H)(C 2 H g 0 2 ), 

Basic salts can be dorived from oxides as well as from 
hydroxides. One atom of oxygen is equivalent in com- 
bining capacity to two hydroxyl (OH) groups. Thus, CaO 
(quicklime), on treatment with water, forms Ca(OH) 2 , slaked 
lime. Hence a basic oxide having the formula MO, where 
M is a metal, will be a diacid bovso ; for it will be able to 
neutralise as much acid os a basic hydroxide which contains 
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two hydroxyl groups. Thus quicklime, CaO, and slaked 
lime, Ca(OH)2, both neutralise two molecules of nitric 
acid — 

CaO + 2 HNO3 « Ca(N0 3 ) 2 4- H 2 0. 

Ca(01I) 2 + 2 1IN0 8 - Ca(NO g ) 2 + 2 H 2 0, 

An example of a basic salt derived from an oxide is 
bismuth oxychloride, BiOCl. This may be obtained by 
the action of excess of water on bismuth trichlcfHde — 


BiCl s + H 2 0 - BiOCl 4- 2 11C1. 


It should be pointed out that all basic salts can be 
considered as compounds of normal salts with the free base, 
and in many cases this is the most convenient way of 
treating them ; thus white lead, or basic lead carbonate^ is 
formulated 2 PbC0 3 + Pb(OH) 2 , basic mercuric sulphate 
is HgS0 4 + 2 HgO. Reverting to the examples given 
above, we may write their formula out again on the plan 
just mentioned, rfhd show as below that the two sets of 
formulae ar^equivalent — 


Basic lead nitrate = Pb(OIT) 9 4 rb(N0 3 ). 2 = PWOHWNO,),, 

= 2 Pb(OH)(NOj). 

Basic bismuth nitrate = 2Bi(OH) 8 + Bi(N0 3 ) J = BmOHV/NOJ 8 

= 3 B^OHJaNO,. 

Basic lead acetate = Pb(OH) a + Pb(C 2 H a 0 2 }2 = Pb^OHUCyi-Oa). 

= 2 Fb(0Ii)(C 3 H 3 0 2 ). 

Bismuth oxychloride = Bi a 0 8 4 BiCl s = Bij0 8 Cl 8 = 3 BiOCl. 


Basic salts are usually less soluble in water than the 
corresponding normal salts, but there are exceptions. 


90. Types of Chemical Change. — In the foregoing 
chapters we have met with several different kinds of 
chemical change, and it will be well before going furthor to 
classify these under a*few main headings. 

(1) Direct combination.— This consists in the union of 
two or more simpler molecules (either elementary or 
compound) to form a more complex molecule. For example, 
the two elements iron and sulphur combine oik heating to 
form ferrous sulphide ; the two compounds quicklime wd 
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water unite to form slaked lime ; and the element chlorine 
unites with the compound carbon monoxide to form phosgene 
gas— 

Fe + S * FeS. 

Iron. Sulphur. Ferrous sulphide* 

CaO + H 2 0 *= CaflLOj. 

Quicklime. Water. Slaked lime. 

Cl, + CO = COCl 2 . 

* Chlorine. Carbon monoxide. Phosgene gas 

(2) Simple decomposition. — This term is applied *to the 
breaking up of a complex molecule into simpler molecules 
(either elementary or compound). For example, mercuric 
oxide on heating decomposes into mercury and oxygen, 
chalk on heating breaks up into quicklime and carbon 
dioxide, and potassium nitrate on heating yields oxygen 
and potassium nitrite — 


2HgO «2Hg + 0 2 . 

Mercuric oxide. Mercury. Oxygen. 

CaCOj = CaO + CO,* 

Clialk. Quicklime. Carbon dioxide. * 

2 KNOg = 2 KNO, + 0 2 . 

PotAsHium nitnite. rotasslum uft.ritft. Oxygen. 


(3) Simple replacement. — When an element acta on a 
compound by replacing another element the change may 
bo tertnqjl <c simple replacemen t. v Zinc, for example, acts 
on sulphuric acid and replaces the hydrogen — 





Zn 

s. 

4- H, S0 4 

« ZnS0 4 

4- Hj. 

Zinc. 

Sulphuric acid. 

Zinc sulphate. 

Hydrogen. 


Similarly, iron reacts with copper Sulphate and replaces 
the copper— 


Fe 


Cu. 


+ CuS0 4 * FeS0 4 + 
f 

trott. Copper sulphate. Ferrous sulphate. Copper. 
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(4) Double decomposition. — In this kind of change two 
compounds react and undergo a mutual exchange of 
constituents. For example, silver nitrate reacts with 
sodium chloride to produce silver chloride and sodium 
nitrate — 


AgNO a + NaCl ■ 

Silver nitrate. Sodium chloride. 


NaNOg + AgCl. 

Sodium nitrate. Silver chloride. 


Again, copper oxide and sulphuric acid (or hydrogen 
sulphate) react to form copper sulphate and water (or 
hydrogen oxide) — 


CuO + H,S0 4 = CuSO + H 2 0. 

Copper oxide. Sulphuric acid. Copper sulphate. Water. 


•QUESTIONS— CHAPTER XII. 

ft 

1. Write a short history of the term acid. 

2. Define the terms acid , salt, base and alkali , and give 

examples of each class of compounds. 

3. What is meant by the basicity of an acid ? Illustrate 

your answer by examples. 

4. Describe an experiment which proves that sulphuric acid 

is a dibasic acid. 

5. What is the basicity of the«following acids : — (1) acetic, 

(2) phosphoric, (3) hydrochloric ? 

6. Explain the terms normal salt and acid salt % and give 

examples of each class of oompounds. 

7. What is a basic saU 1 By what methods can basic salts 

be prepared f 

8. State the principal types of chemical change, and give 

examples of each. 



CHAPTER XIII. 

COMPOUNDS OF HYDROGEN AND OXYGEN. 

91. Hydrogen and oxygen combine together in two 
proportions, forming water, H 2 0, and hydrogen peroxide, 
Ii 2 0 2 ; the latter contains twice as much oxygen in relation 
to hydrogen as the former. 

Water, H 2 0. 

92. We shall commence the study of water by investi- 
gating its composition by volume and by weight. 

Composition of Water by Volume. — The composition of 
water was first proved by Cavendish at the end of the 18th 
century. Ho introduced a mixture of two volumes of hydro- 
gen and one of oxygen into a strong glass vessel fitted with 
two wires which passed into the inside of the vessel so as 
nearly to touch one another. The electric spark was passed 
by means of the wires, and the gases exploded. By re- 
peating the experiment many times he was able to show 
that oxygen combines with twice its volume of hydrogen 
and that the liquid resulting from the combination was 
water. • 

The method employed at the present day to prove the 
volumetric ‘composition of water is similar in principle to 
that employed by Cavendish but capable of greater ac- 
curacy, and moreover it is applicable to gases in general ; 
it was first Introduced by Bunsen. 

A tube of even bore, about 70 centimetres in length, is 

139 * 
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used. This is furnished with platinum wires to enable the 
gases to be “sparked/ 1 and millimetre divisions are etched 
on the tube. The “ eudiometer,” as such a tube is called. 



Fio. 29. 


is first calibrated so that its relative volume down to any 
given graduation is known. It is then filled with mercury 
and inverted in a trough containing mercury (see Fig. 29), 
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Pure oxygen sufficient to occupy about one-tenth of the 
volume of the eudiometer is now passed in, and the exact 
level of the mercury in the eudiometer and in the trough 
is read. Hydrogen is then added equal to about six or 
seven times the volume of the oxygen, and the levels of 
the mercury again read. The temperature and pressure 
existing at the time must also be noted. The eudiometer 
is now closed by pressing it down firmly on an india-rubber 
cushion at the bottom of the trough, and the spark is 
passed by connecting the platinum wires with a battery 
and Ruhmkorff coil. 

Under these circumstances the whole of the oxygen 
enters into combination with hydrogen, and as the water 
which forms condenses a partial vacuum is formed inside 
the* tube, and on gently raising it from the cushion the 
mercury is seen to rise. After allowing sufficient time for 
the gas to regain the temperature of the room (much heat 
having been generated by the combination which has taken 
place) the levels of the mercury in the* eudiometer and 
trough are again read. 

We have now the whole of the data necessary for 
ascertaining the relative volumes of hydrogen and oxygen 
which have united to form water. The volumes occupied 
by the gases are all reduced so as to represent standard 
conditions. When this has been done, let us suppose — 

• Oxygen taken occupied 12 volumes. 

Hydrogen added ,, 80 „ 

Residual hydrogen „ 56 „ 

It is evident that 12 volumes of oxygen have entered into 
combination with 80 - 56 «= 24 volumes of hydrogen to 
form water. * 

« 

93. Correction for Pressure of aqueous Vapour. — There 
is one correction in the above description which has been 
omitted. A small quantity of water vapour is produced 
on the combination of hydrogen and oxygen, and this 
vapour exerts a pressure (see § 103), so that the pressure 
exerted by the residual hydrogen is rather less than that 
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measured as above, which is the total pressure of hydrogen 
plus water vapour. The amount of water vapour produced is 
however too small to saturate the residual hydrogen, so 
the vapour pressure cannot be found by reference to the 
tables referred to in § 103. How then are we to make the 
necessary correction ? The method adopted is to ensure 
that the residual gas is saturated with aqueous vapour by 
moistening the eudiometer w r ith a few drops of water be- 
fore introducing the mercury at the commencement of the 
experiment. Of course, all the other volumes of gas 
measured will also be saturated with aqueous vapour, and 
the pressure which it exerts can be found by noting the 
temperature of the gas and referring to the tables. If, 
then, the pressure of any of the volumes of gas as previously 
measured was found to be P and the saturation pressure 
of water vapour at the temperature of the gas is p, then 
the corrected pressure is P-p. 

The above method of finding the volumetric composition 
of water is a synthetic method. An analytical method 
(electrolysiS) has already been described in Chapter III. 

94. Volumetric Composition of Steam. — In order to 
find out the relation l)etvveen the volumes of hydrogen 
and oxygen which combine, and that of the steam produced 
from them, we must so arrange the experiment that the 
temperature of the gases is maintained above the boiling- 
point of water. The steam produced will not, un3er these 
conditions, condense to water. 

The apparatus shown in Pig. 30 may conveniently be 
used for this experiment. A U -tube, one limb of which is 
closed and graduated, is fitted with platinum wires for 
“sparking,” as in the Bunsen* eudiometer. The tube is 
filled with mercury. *The closed limb is then surrounded 
by a wider tube through which the vapour of a liquid boiling 
at about 130° 0, (e.o. amyl alcohol) is passed. • 

A mixture of hydrogen and oxygen in the proportion of 
2 : 1 by volume (obtained by the electrolysis of water) is 
now passed into the closed limb by rubber tubing reaching 
round the bend through the mercury, and the displaced 
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Vapoiir 

enters 



mercury is allowed to run out through the stopcock. When 
the closed limb is about two-thirds full of gas, the supply 
is cut off and the rubber 
tubing removed. The 0\ 

mixture is allowed to — EL 

attain the temperature of 
the jacket, the mercury 
is adjusted to the same 
level in each limb, and 
the volume of mixed gases 
read off. The open end 
of the tube is closed with 
a cork (to prevent the 
explosion from expelling 
themercury) and a spark 
is passed. The gases com- 
bine, and on bringing the 
mercury in each limb to 
the same level by pouring 
mercury into the open 
limb, it will be seen that 
the volume of steam occu- 
pies two-thirds that of the 
mixed gases. If the tube 
is now allowed to cool 
down to the ordinary 
temperature, the mercury 
will rise almost to the 
top of the closed limb — 
not quite owing to the 
small vapour pressure which water exerts at ordinary 
temperature; this shows, that there is no hydrogen or 
oxygen remaining uncombined. From this experiment 
it follows that steam contains its own volume of hydro- 
gen and h%lf its volume of oxygen, and this agrees with 
the equation — 



Vapour 

escapes 


Outlet for 
Mercury 




Fig. 30, 


. 2 Hj + 0, = 2 H,0. 

4 vols. 2 vols. 4 vols. 
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95. Composition of Water by Weight. — We have seen in 
Chapter IV. that many oxides, such as those of lead, copper, 
iron, etc., when heated in a current of hydrogen give up 
their oxygen, and are ts reduced,” as it is termed, to the 
metallic condition. In this reduction the oxygen combines 
with hydrogen with the production of water. If then we 
can ascertain (1) the weight of the water formed, and (2) 
the weight of the oxygen which has gone to form it, we 
shall have by difference the weight of the hydrogen con- 
tained in the water, and thus a full synthesis of water by 



Fig, 31. 


weight. Very careful experiments have been performed in 
this way, using oxide of copper (CuO) as the medium for 
the supply of the oxygen. The equation expressing the 
reaction is — 

CuO + H 2 3=2 ^ + HjjO, 

Our requirements for performing the synthesis are— 

fl) Pure hydrogen. 

(2) A known weight of oxide of copper. 

(3) A means of collecting and weighing the *mhoU of the 
water produced. 
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Dumas and Stas, in 1843, performed the synthesis oi 
water in this way with extreme care, and the requirements 
above mentioned were attained in the following manner. 
The hydrogen, prepared by the action of zinc on sulphuric 
acid, was purified as described in § 67. The oxide of copper 
was placed in a bulb A (Fig. 31),* the weight of both being 
determined. The greater part of the water condensed in 
the bulb B, and the rest was absorbed in U-tubes contain* 
ing solid caurftic potash C and phosphorus pentoxide D. 
Weighings before and after the experiment show — -• 

(a) The loss of weight of the oxide of copper, that is the 
amount of oxygen used ; 


* Iu sketching apparatus the student is advised not to attempt 
perspective drawings which take a long time and are seldom satisfac- 
tory. •. A much better plan is to draw the apparatus in front elevation , 
i. e. it would be seen by a person looking at it straight in front. 
When, however, the exact nature of any part of the apparatus can 
be better explained by drawing it in sectio n, i.e. as if it were out in 
two through the middle and the front half removed, this method 
should be adopted for that particular part. * 


P \\o 



A | DA 

M Afl fjj) f 
y U n 


Fjt g. 32. 


To indicate that an object has been cut*through, inclined linos 
are drawn parallel to one another across any part which is suf- 
ficiently thick Jfor its two sides to be represented by separate lines 
(thin glass vessels, for instance, do not admit of this). Fig. 32 is a 
drawing, partly in front elevation and partly in section, of the 
apparatus shown in perspective in Fig. 31. For instance, the retort* 
stands are repibsented in front elevation in Fig. 32, whilst the vessel 
B and E are drawn in section. 

M. CUKM. r. 
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(6) The gain in weight of the second bulb B and the U- 
tubes succeeding it, that is the amount of water foimed. 
As the combined result of nineteen determinations, they 
found that the amount of oxygen used was 840*161 grammes 
and the amount of water formed 945*439 grammes. Water 
consists, therefore, of 

840*161 grammes of oxygen 
and 105*278 „ „ hydrogen ; 

or one pait by weight of hydrogen combines with 7*98 
parts of oxygen to form water. 

More accurate experiments performed in recent years by 
E. W. Morley and other chemists have shown that the 
exact ratio by weight in which hydrogen and oxygen com- 
bine is 1 : 7*94. 

• 

96. Physical Properties of Water. — When pure, water 
is a clear and tasteless liquid ; under ordinary circum- 
stances it may l ^ regarded as colourless, but in reality it 
has a faintly bluish tinge which is perceptible when white 
light^s passed through a stratum of about 20 feet in 
thickness. 

Changes which Water undergoes on the addition and 
removal of Heat.— “These changes are of two kinds — 

(1) Change of volume. 

(2) Change of state. 

Suppose heat is continually abstracted from a given mass 
of water originally at ordinary temperature (say 15° C.). 
The temperature gradually fa^ls and the volume gradually 
diminishes till 4° C. is reached, when the volume ceases to 
diminish and begins to increase , though the temperature 
continues to fall. A given ma§s of water has less volume 
at 4° C. than at any other temperature ; 4* C. is therefore 
the temperature of maximum density of water. At this 
temperature 1 c.c. of water weighs exactly 1 gramme. 

When the temperature falls to 0* C. the water gradually 
becomes solid (t. e. it is converted into ice), the volume 
increasing more rapidly than before. The* temperature 
remains constant at 0* C. till all the water has been con- 
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verted into ice (though heat is being abstracted all the 
time), when it again begins to fall. This fall in temper- 
ature below 0° C. is accompanied by a slow diminution in 
the volume of the ice. 

Now suppose instead of removing heat from the water at - 
15° C. we continually add heat to it. This causes a rise of 
temperature accompanied by increase in volume till 100 # C. 
is reached, when the water gradually changes into the 
gaseous state (steam), with great increase in volume.^ The 
temperature does not chango till all the water lias been 
converted into steam, when it gradually rises, the volume 
continuing to increase though much more slowly than 
during the change from water to steam. 

If the preceding processes are reversed, i. e. if heat is 
gradually added to ice. below 0“ C. or removed from steam 
at high temperature, all the changes above described take 
place in the inverse order. 

• 

97. The Unit quantity of Heat. — We have se^n that the 
addition of heat to water gradually changes its temperature 
except when change of state is taking place. It has been 
found that this change of temperature takes place less 
rapidly in the case of water than of any other solid or 
liquid, if heat is supplied at the same rate to equal masses 
of substances. Water is, therefore, said to have the greatest 
capacity for heat of any liquid. For this reason water is 
the substance selected in defining the unit quantity of heat, 
which is the quantity of heat required to raise the temperature 
of unit 7nass (one gramme) of toater from 0° G, to 1° C\ This 
unit is called the calorie . 


98. Specific Heat . — specific heat of a substance is 
the ratio of the quantity of heat required to raise a given 
mass of the substatice from 0° G, to 1° C. to that required to 
raise the same mass of water through the same temperature . 
It follows that water has the specific heat 1, and from what 
has been said above it will be evident that all other solid 
or liquid substances have a specific heat less than 1. The 
specific heat of ice is 0*5, and that of steam 0*4 8. 
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99. Latent Heat of fusion of Ice. — We noticed that 
daring the change from water into ice heat was continually 
removed without change of temperature, and that conversely 
when ice changes into water heat is continually absorbed 
without change of temperature. The heat so absorbed is 
said to be latent in the water, and the amount absorbed 
when unit mass (1 gramme) of ice at 0° C. is changed into 
water at 0° C. is called the latent heat of fusion of ice . This 
quantity may be found by experiment in the following 
manner : — 

Exp. 91. — Weigh out 100 grammes of snow or powdered ice into a 
thin copper vessel (called a calorimeter) ; support it on corks (cork is 
a bad conductor of heat), and add 100 grammes of water at 80° C. 
Stir quickly. The bdow will just all melt, and the result will be 
200 grammes of water at 0 d C,* 

To calculate the latent heat of fusion of ice from this 
result we must equate the heat given out by the water at 
80° C. in cooling*to water at 0° C., to the heat absorbed by 
the ice at 8° G. in melting to water at 0° C. ; for these two 
quantities are necessarily equal. 

Let x ==* Latent heat of fusion of ice. 

Then — 

Heat given out by 100 grammes of water in cooling from 
80° C. to 0° C. «= 100 x 80 calories. 

Heat absorbed by 100 grammes of ice at 0° C. on being 
converted into water at 0° C. =* 100 x x calories,* 

100 x 80 - 100 x a 

x » *80 calories, 

i. e. the latent heat of fusion of ice is 80 calories. 

100. Latent Heat of vaporisation of Water. — Just as 
heat is rendered latent when ice changes to water, so it is 
rendered latent when water changes to steam. The amount 
of heat absorbed in changing unit mass {out gramme) of 
water at 100° C . vnto steam at 100° C. is termed the latent 

* In practice the final temperature when all the ice is melted may 
not be exactly 0* C. owing to various sources of error. 
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heat of vaporisation of water . Its value has been found by 
experiment to be 536 calories.* 

latent Heat of substances other than Water. — This 
•property of absorption or evolution of heat without change 
of temperature during change of physical condition is not* 
peculiar to water, but is quite a general property of 
substances. 

For example, a few drops of ether placed on the hand 
quickly evaporate and give rise to sensation of intense cold; 
the explanation is that the heat required to vaporise the 
ether (i. e. its latent heat of vaporisation) is abstracted from 
the nearest object, i. e. the hand, 

101. Freezing Mixtures. — Many salts, such as ammonium 
nitrhte, potassium iodide, and calcium chloride, on dissolv- 
ing in water produce a considerable fall of temperature. 
This is due to the change of state of the salt from solid 
to liquid, the heat required for this change (i. e. the latent 
heat of fusion) being absorbed from the water, ^he freezing 
mixture most commonly employed, however, is a mixture of 
common salt and snow or powdered ice. On mixing both 
these substances melt and absorb their latent heat of fusion 
from the mixture, the temperature of which falls to - 23° C. 

102. Evaporation of Water at ordinary temperature. — 

We have seen that at 100* C. water boils and is converted 
into vapour. Water, however, gradually evaporates at 
ordinary temperature, and even ice very slowly passes away 
as vapour. , 

Exp. 92. --Leave a little water in a dish for a day or two, and note 
its gradual disappearance. 

103. Pressure of Aque&us Vapour. — It can easily be 
demonstrated by experiment that vteter vapour exerts a 
pressure even at ordinary temperature. 

Exp. 93. — Take a eudiometer tube about 85 centimetres 
long, fill it with mercury, and invert in a trough of mercury. 

* For details of the method the student is referred to standard 
works on Physios. 
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The level of the mercury will fall a little, leaving a vacuum 
at the top of the tube. Introduce a few drops of water 
into the vacuous space by means of a curved pipette; 
notice that it rapidly vaporises causing depression of the 
mercury This shows that water vapour exerts a pressure, 
the amount of which is measured by the depression of the 
mercury. Now introduce a few more drops of water. This 
will probably vaporise and produce a further depression of 
the mercury, but a point will soon be reached when no 
more # water evaporates and no further depression takes 
place. The space above the mercury is then said to be 
saturated with water vapour, and if any more water is 
introduced it merely rests upon the surface of the mercury. 
If the temperature is raised the space becomes unsaturated 
again and more water will evaporate, producing a further 
depression of the mercury. This goes on till the space 
becomes saturated at the higher temperature, when the 
depression ceases. For each particular temperature the 
pressure of saturated aqueous vapour has a particular 
value, whi<!h is called the maximum or saturation pressure 
of aqueous vapour for that temperature. This saturation 
pressure is the same whether another gas, e. g. air, is present 
or not. 

Tables have been constructed for reference, which 
give the maximum pressure of aqueous vapour at different 
temperatures. 

104. The boiling-point of Water. — Now consider what 
happens when water is gradually heated in an open vessel. 
Evaporation takes place at all temperatures, but more 
rapidly as the temperature rises, becauso the saturation 
pressure increases rapidly witK increase of temperature. 
Finally the liquid bbils, i. e. bubbles form in its interior, 
rise to the surface, and burst. This, however, cannot take 
place till the saturation pressure of aqueous vapour is 
equal to (or, strictly speaking, slightly greater than) the 
pressure of the atmosphere ; before this is the case a bubble 
would immediately be squeezed up if it were formed, owing 
to its inability to withstand the external pressure exerted 
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on it. The boiling-point of water may therefore be defined 
as the temperature at which its maximum vapour pressure 
is equal to the atmospheric pressure. It follows that the 
boiling-point of water changes when the atmospheric 
pressure changes. 

By substituting the word liquid for water the above ‘ 
definition becomes quito general. 

105. Watpr as a Solvent. — Most of the solid substances 
and gases which we meet with in chemical operations 
dissolve to an appreciable extent in water; some liquids, 
such as alcohol and sulphuric acid, associate themselves 
with water in all proportions ; whilst others, such as oils, 
if shaken up with water separate again, being taken up by 

the water either only to a slight extent or not at all. 

• 

' 106. Solubility of Solids. — The extent to which solid 
substances are soluble in water under similar circumstances 
varies according to the nature of the substance. 

Minerals, such as coal, limestone, (fiartz, and some 
chemical compounds, such as sulphate of linfe, oxide of 
lead, sulphide of iron, are only very slightly soluble, 'whilst 
others, e.g. nearly all chlorides and nitrates, are freely 
soluble. In any caso, however, there is a limit to the 
amount of solid matter which can be dissolved, and when 
water has taken up as much as it will, we have what is 
known as a saturated solution. 

The rftiantity of a substance required to form a saturated 
solution is usually greater the higher the temperature, 
though there is no simple •general relation between the 
temperature and the amount dissolved. 

The solubility in parts per 100 of water is given for a 
few substances in the following table — 


Potassium nitrate . . . 

O'O. 

13-3 

20* e. 
31-2 

so' a 
85-0 

ioo' a 
2460 

Sodium chloride 

35-5 

300 

370 

39-6 

Potassium chlorate ... 

3-3 

8-0 

190 

58-0 

Sodium chlorate 

81-9 

990 

1360 

232-6 

Mercuric chloride . . . 

5-7 

7 4 

113 

540 

Potassium sulphate ... 

83 

12-5 

17 0 

26-0 
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107. Solubility of Gases. — There is no general connection 
between tho solubility of gases and their chemical com- 
position. The very soluble gases are all, however, acid or 
alkaline in presence of water. Some gases, such as nitrogen, 
hydrogen, and carbon monoxide, are very slightly soluble, 
whilst others, such as ammonia, sulphur dioxide, and 
hydrochloric acid, are very freely soluble in water. The 
solubility, instead of increasing with the temperature, 
as in the case of solids, decreases, though In no simple 
relation. One volume of water at the temperatures stated, 
and under 760 mm. pressure, dissolves the volumes of 
the respective gases given in the following table — 


Nitrogen 

0*0. 

0020 

io-o 

0016 

so-c. 

0-014 

Oxygen 

0-041 

0033 

0028 

Hydrogen 

0019 

0019 

0019 

Carbon dioxide 

1-799 

1-185 

0-901 

Sulphuretted hydrogen 

4-371 

3-586 

2-905 

As instances of much more soluble gases we may take — 

Sulphur dioxide 

79-8 

56-6 

39-4 

Hydrochloric acid 

503-0 

475-0 

444-0 

Ammonia 

1049-6 

812-8 

6 r )4-0 


108. The influence of Pressure on the solubility of 
Gases. — The weight of a given gas which dissolves in unit 
volume of a given liquid is directly proportional toJhe pres - 
sure of the gas . This relation was discovered by Henry, 
and is known as Henry s Law, 

Thus 1 c.c. of water at 0°C. dissolves the following 
weights of carbon dioxide — 

At 1 atmosphere pressure 0*03/56 gm. 

,, 2 atmospheres ,, 0*0713 „ 

„ 4 •„ „ 01426 „ 

,, i atmosphere ,, 0 0178 ,, 

„ i „ „ 0*0110 „ • 

Soda-water is wafer charged with carbon dioxide under 
a pressure of about 4 atmospheres, and so long as this 
pressure on the surface of the water is maintained this 
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volume of gas will be retained, but directly the pressure is 
released an effervescenco is observed, and gas escapes from 
the liquid in proportion to the diminution of pressure. 

‘ iOJ). Solution of Mixed Gases. — At 0°C. and standard 
pressure a, litre of water will dissolve 41 c.c. of oxygen. 
If, however, wo mix another gas, say nitrogen, with the 
oxygen, a smaller volume of oxygen (reduced to standard 
pressure) w411 be found to dissolve a volume indeed propor- 
tional to the pressure of the oxygen alone (Dalton’s Daw of 
Partial Pressures). In the same way the nitrogen will no 
longer dissolve to the extent of 20 c.c. (so© table), but 
to a smaller extent, in proportion to tho pressure due to 
the nitrogen alone. For mixed gases, therefore, solution 
takes place in accordance with (a) the solubility of the gas 
in question, ( b ) the pressure exerted by it independently of 
any other gas or gases that may be present in the mixture. 

Let us consider the important case of the solution of air 
(taken as 79 volumes of nitrogen* and *21 of oxygen) in 
water — * 

Tho oxygen dissolved by a litre of water from r*ir will, 
according to this law, be, not 41 c.c., but 
41 x °1 

— or 8*6 c -°- P° r litre. 

The nitrogen dissolved will be, not 20 c.c., but 

* 20 x 79 ir Q ... 

or 15*8 c.c. per litre. 

So that in consequence of ifs greater solubility the propor- 
tion of oxygen to nitrogen dissolved in water is 8*6 : 15*8, 
and is therefore 35 per e^nt. of the whole. Air expelled 
from solution in water by boiling or by exposure to a 
vacuum is, then, much richer in oxygen than ordinary 
air. ^ 

So taking 0*04 as the normal percentage of carbon 
dioxide in air, this gas will be dissolved, not to the 
extent of 1,799 c.c. to the litre, but 


Argon is here reckoned as nitrogen. 
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1,799 X 0 04 
100 


, or 0 7 2 c.c. per litre. 


Now 1 litre of water dissolves 8*6 + 15*8 + 0*72 — 25*12 c.c. 
of oxygen + nitrogen + carbon dioxide from the air. Of 
this carbon dioxide constitutes x 100 = 2*87 per cent. 
Air dissolved in water is, therefore, =71 J times as rich 
in carbon dioxide as the original air taken. 

110, Natural Waters. — The water which evaporates from 
the surface of sea and land, and passes as water vapour 
into the air, is the purest form of natural water, and it 
retains its purity until it begins to fall as drops from the 
rain cloud. 


Rain Water. — When this is collected at the surface of 
the earth it has passed through a considerable stratum of 
air, and dissolved in its passage not only gases normally 
occurring in the atmosphere, but also such impurities as 
are found £here. Even then the solid matter contained 
in it does not amount normally to more than 3 or 4 parts 
per lOfyOOO. In the neighbourhood of towns the impurities 
taken up are more numerous and in larger quantity ; also 
near the sea, and especially during high winds, much 
sodium chloride is found in rain water. 

River Water. — The composition of this water will of 
course depend on the nature of the surface and of the 
strata over which the water passes. For instance, a con- 
siderable part of the drainage area of the Thames consists 
of chalk, and its water contains about 30 parts of dissolved 
matter in 100,000, two-thirds of this consisting of calcium 
carbonate and sulphate, whilst the Dee in Scotland, passing 
over the older strata (principally slate and sandstone), 
contains about 5*6 parts of dissolved matter per 100,000, 
one-fourth of this being calcium salts. Since the water 
which passes into rivers collects from the surface of the 
soil, it contains also much more organic matter and carbon 
dioxide than rain water, arising from contact with plants 
and decaying vegetable matter. 
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Spring Water. — The water of springs is rain water 
which has percolated through soil and rocks. The composi- 
tion of spring waters varies very considerably according to 
the depth from which the water rises and the nature of 
'the strata which it has traversed. In some cases the 
amount of dissolved matter is very large, and such springs; 
especially when they have a saline taste u medical properties, 
are known as mineral springs. 

The spriifgs of Bath and Harrogate contain magnesia 
and sulphuretted hydrogen, and are known as magnesia 
and sulphur waters; a spring near Woodhall Spa contains 
free iodine; many springs contain iron, and are known as 
chalybeate waters. 

Mineral springs which rise from great depths are 
frequently hot, some having a temperature of nearly 
100° C. ; this is especially the case in volcanic regions, 
where the earth’s temperature rises more rapidly with 
increase in depth below the surface than elsewhere. 

Spring water is bright and sparkling, since it is more 
fully charged with gases than either rain or river water, 
and contains less organic matter, this being removed* in its 
passage through beds of soil or gravel. The composition 
of some typical waters is given in the table further down. 

Sea Water. — The matters dissolved or suspended in 
river or spring water are carried to the sea and remain 
there, since the water vapour rising from the sea consists 
of practically puro water; so that, notwithstanding the 
removal of large quantities of these substances by settling 
out or by the action of organisms, sea water is very impure. 
The water from the open ocean contains on the average 
about 3'5 per cent, of dissolved solids and lias a specific 
gravity of about 1*03; the greater part of this soluble 
matter, nearly four-fifths, consists of »sodium chloride, the 
remainder being chiefly calcium and magnesium sulphates 
and calcium chloride. The peculiar taste of sea water is 
due to the presence of these salts. There are, however, 
certain^ land- locked seas where the evaporation is very 
rapid and the quantity of dissolved solids is much greater 
than in sea- water ; the Dead Sea, for example, contains 
nearly 23 per cent. of imparities. 
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In the following table details are given of the composition 
of some typical natural waters, the solids in parts per 
100,000, the gases in cubic centimetres per litre : — 

COMPOSITION OF SOME NATURAL WATERS. 





Souns. 



G AH ICS. j 


Total 

Residue. 

Cain urn 
Sulla. 

Mngne* 

aimn 

Suita. 

Seal in in 
Chlor- 
id«. 

Organic 

Matter. 

N. 

O. 

COa. 

Rain Water 

3 1 

ml 

ml. 

0-5 

1*0 

13 1 

6*4 

1 8 

River Water (Thames) 

20 

20 

1-8 

2*0 

3*4 

16*0 

7*4 

30*3 

River Water (Dee) 

5 a 

1-4 | 

0 6 

1*0 

! 2*2 




Spring Water 

20 



2 0 

Traces 

15*8 

8*0 

1*0 

Mineral Water (Rath) 

m | 

137 

23 

34 

| Traces 

4 0 

i 2*0 

20*0 

8ca Water 

8,500 

140 

530 

2,050 I 

j Traces 

1*2 1 

| 0*0 

j 17*0 


Chemically pure water may be obtained by distillation, 
the water being boiled and the steam which is given off 
condensed. On >a small scale the apparatus shown in 
Fig. 9, § 20, may bo used. The water is boiled in a 
flask connected with a condenser, through which a continual 
stream of cold water passes for the purpose of condensing 
the steam. 

A small quantity of volatile organic matter may be 
carried over during a first distillation, and soluble matter 
from the glass condenser and receiver may be present ; but 
on adding a few drops of potassium permanganate solution, 
and distilling again in platinum apparatus, very pure 
water is obtained. * 

111. Drinking Water. — When water is to be used for 
drinking purposes, it is of the highest importance that it 
should be clear and colourless, &nd as free as possible from 
organic impurity arising from sewage contamination or 
contact with decaying animal or vegetable matter. Dissolved 
salts, such as ordinarily occur in natural waters, are of loss 
moment than organic impurity, and even such minute quanti- 
ties of the latter as 0 3 or 0*4 parts per 100,000 may be 
injurious. The taste of drinking water is also an important 
factor, and whilst distilled water and r&in water are flat 
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and insipid owing to the smaller quantity of dissolved 
gases which they contain, spring water has a characteristic 
freshness which renders it most palatable. 

112. Hardness of Water. —It is a matter of common 
experience that the sensation felt when washing' the hands* 
differs with waters from different sources. With rain 
water or the waters derived from sandstone areas a lather 
quickly forriU, whilst with calcareous waters there is a 
sense of harshness and a good deal of soap is required to 
produce a lather; we notice further that in the latter 
eiiso a scum is formed which floats on the surface of the 
water. Waters that readily form a lather are known as 
soft waters, whilst those which do not are called hard 
waters. Hard waters contain much dissolved matter, and 
especially bicarbonates and sulphates of calcium and 
magnesium and chlorides of sodium and magnesium, which 
are the chief causes of the hardness. Soap consists of Die 
sodium or potassium salts of certain complex acids 
composed of carlxm, hydrogen and oxygen (called fatty 
acids). These salts are soluble in water, and the solution 
possesses the remarkable property of preventing finely- 
divided particles of fats from running together in it. Such 
an intimate mixture of fat particles and water is termed 
an emulsion , and the cleansing properties of soap are due 
to the formation of an emulsion of any particles of grease 
by the action of the soapy water. Now the calcium and 
magnesium salts of the fatty acids present in soap are 
insoluble in water, so that o& adding soap to water contain- 
ing salts of these metals in solution, double decomposition 
immediately takes place between the soap and the salts 
with precipitation of the insoluble calcium and magnesium 
salts of the fatty acids. It is these, insoluble salts which 
form the scum already referred to, and no soap is available 
for cleansing purposes till all the calcium and magnesium 
have been removed from the solution by precipitation. 

The hardness produced by a solution of sodium chloride 
is due to a different cause, namely, the insolubility of soap 
in it. 
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Exp. 94. — Prepare a solution of soap by dissolving a few grammes 
of soap in about 200 c.o. of distilled water. Add some of this solu- 
tion separately to solutions of calcium sulphate, magnesium sulphate 
and chloride, and sodium chloride (the last should be strong) ; note 
the flocks of insoluble calcium and magnesium salts formed in the 
first three cases and the curds of insoluble soap in the last. 

Exp. 95. — Suspend some chalk in water and pass in carbon 
dioxide ; when the solution is saturated filter it. Snake also some 
chalk with water and filter. Test the two solution^ by Boap solu- 
tion : that through which the carbon dioxide has passed is very 
hard ; "the other is soft. 

The explanation of this is that chalk (calcium carbonate) 
Is insoluble in pure water, but dissolves in water contain- 
ing carbon dioxide, with formation of acid calcium carbon- 
ate or calcium bicarbonate, Ca(IIC0 3 ) 2 . 

Oa(X) 8 + H 2 0 + C0 2 = Ca(lIC0 3 ) 2 . 

The bicarbonate reacts with soap ju^c like any other 
soluble calcium salt. Magnesium bicarbonate Mg(IIC0 3 ) 2 
may be formed from magnesia alba (basic magnesium car- 
bonate) in a similar manner. 

113. Temporary Hardness and its Removal. 

Exp. 90. — Boil some of the calcium bicarbonate solution obtained 
in the last experiment for a few minutes. A precipitate is formed ; 
allow this to settle, pom* off the clear liquid and add soap solution 
to it. No precipitate is formed, showing that the hardness has 
been removed. 

What has happened is that on boiling the calcium 
bicarbonate was decomposed into normal calcium carbonate, 
water and carbon dioxide. 

Ca(HCO ; .)j » CaCCXj 4* H a O + C0 2 . 

The carbon dioxide passed away as a gas and the cal- 
cium carbonate was precipitated. 

The “fur” which forms on a steam boiler and on a 
kettle is chiefly calcium carbonate produced during the 
process of boiling. 

Magnesium bicarbonate undergoes a similar decomposi- 
tion on boiling, and these two bicarbonates are the chief 
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causes of what is known as temporary hardness , i. e. hard- 
ness which can be removed by boiling. 

There is another way in which temporary hardness can 
be removed, viz. by the addition of lime ; this decomposes 
the bicarbonates with precipitation of normal carbonates. 
Calcium bicarbonate, for example, is decomposed in the 
following manner : — 

Ca(irgO a ). + Ca(OII)* - 2 CaCO a + 2 H 2 0. 

This is known as Clark’s process. * 

114. Permanent Hardness and its Removal. — The 
hardner.s due to salts other than bicarbonates cannot bo 
removed by boiling, and is called permanent hardness. 

When permanent hardness is due to salts of magnesium 
ai|d calcium it can be removed by the addition of washing 
soda (Na 2 C0 3 -4- 10 H„0), which precipitates the mag- 
nesium and calcium as insoluble carbonates: — 

CaS0 4 + Na,COg - 0a00 8 -f • Na 2 SU 4 

Calcium sulphate. ppt. - • 

jNlgCL, + Na,CO, = MgCO a + 2 NaCl. . 

]Ma h f m Mvim chlorulft. I*pt. 

Washing soda also removes temporary hardness. Mag- 
nesium bicarbonate, for instance, is decomposed in the 
following manner : — 

M gi Tl C<>,) 2 + Na/JOg - 2 N aHCO a + MgC0 3 . 

ppt. 

Hardness due to sodium qfiloride, being caused by the 
insolubility of soap in the solution, cannot of course bo 
removed by the addition of washing soda. There are, 
however, certain soaps whi$h are soluble in brine such as 
marine soap y and these enable us to got over the difficulty. 

AH kinds of hardness can of course be removed by 
distillation. 

115. Estimation of Hardness. — The hardness of a sample 
of water is determined by finding how much of a standard 
soap solution is required to produce a permanent lather 
with a known volume of the water. This gives the total 
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hardness, t. e. the temporary and permanent hardness com- 
bined. The permanent hardness is found by boih’ng a 
known volume of the water for a short timo to remove 
temporary hardness and then adding standard soap solu- 
tion as before. The difference between the total and 
permanent hardness gives the temporary hardness. 

Let us compare the hardnesses of various kinds of waters 
by performing the following experiment * — 

Exp. 97. — Weigh out 10 gins, of sodium oleate or green Castile 
soap and dissolve it in 1 litre of water. If you wish the solution to 
keep, it is better to use 650 e.c. of water and 350 o.o. of methylated 
spirit : this is your standard soap solution. Measure 50 e.c.eaeh of 
distilled water, rain water, well water, and Hea water into 6-oz. 
bottles, and run the soap solution from a burette or measuring-tube 
into each until a lather is formed by shaking, which does not break 
for five minutes. Note the volume of doap solution required r or 
each. Evaporate 20 c.c. of each water and compare the residues in 
each case: the water which requites most soap for a permanent 
lather leaves the largest residue. 


It will Ibe found that the order of hardness is (1) sea 
water, (2) well water, (3) rain water and distilled water 
(practically equal). 

116. Chemical Properties of Water.— Water possesses 
the power of combining directly with a very great many 
substances. Sometimes the compounds aro very easily 
broken up again, whilst in other cases they are rehiarkably 
stable. 

Water of Crystallisation.— Many salts, when they are 
allowed to crystallise from solution, contain water, which 
is associated with them in dofinite proportions, and it 
cannot be regarded otherwise than as water in combination 
with the salt. 

There is, however, very little stability in «the combina- 
tion ; for instance, copper sulphate crystallises with the 
composition CuS0 4 + 5JEi 2 0. At 100° C. 41I 2 0 is set 
free, and the remaining molecule of water requires a 
temperature of 240° C. to liberate it. 
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Alum crystallises with 24 H 2 0 ; 10 H 2 0 separate at 
100° C., a further 9 H.,0 at 120° C., and nearly the whole 
of the remainder at 280° O. In some cases, indeed, such 
as crystallised sodium carbonate or washing soda, Na 2 C0 3 + 
I0Il 2 O, the salt loses water or effloresces at ordinary 
temperatures in a dry atmosphere. 

The amount of water of crystallisation which attaches 
itself to a salt varies according to the temperature at 
which the crystals form. Thus, from a solution of sodium 
sulphate, crystals of Na 2 S0 4 -f 7 II 2 0 can be obtained at 
temperatures below 26°, or crystals of Na 2 S() 4 + 10 11 2 0 




Washing soda. 
>>jCO,. IOHjO. 


Fig. 33. Fig. 34. 





Epsom salts. 
JUgUO* 7 lI a O. 

Fig. 35. 


(Glauber’s salt) at temperatures below 34° ; while above 
34° crystals of Na.,S0 4 are obtained. Epsom salts, MgS0 4 -h 
7 1I 2 0, furnishes another example, giving ]\lgS0 4 + 6 I1 9 0. 
Frequently, salts which at ordinary temperatures separate 
from solution in the anhydroife condition, possess water of 
crystallisation when crystallised at low temperatures. 
Thus if a concentrated solution of common salt be allowed 
to stand at ordinary tern pefrat urea crystals of NaOl are 
obtained, but at - 10° C. crystals of NaCI + 2 II 2 0. 

As examples of the crystalline forma assumed by salts 
containing water of crystallisation, we may consider three 
very common substances, viz. alum, washing soda, and 
Epsom salts. Figs. 33, 34 and. 35 represent crystals of 
these substances, and it will be noticed how widely the three 
crystals differ in shape* 

M. CHKM. M 
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117. Compounds of Water with Oxides. — We have aeon 
in discussing acids and bases that many oxides combine 
directly with water. The products vary in stability, but 
are as a whole very much more stable than those obtained 
when salts and water combine. 

In many cases great heat is evolved when oxides and 
water unite, thus demonstrating the vigorous nature of 
the action. 


Exp. 98. — Pour a little water on to some quicklime contained in a 
porcelain dish. Note the clouds of steam formed, showing that 
much heat is evolved during the combination. Dip a thermometer 
in the mixture and note the rise of temperature. 

Other examples of oxides which evolve much heat on 
combination with water are BaO, S0 3 , P 2 0 6 . To bring 
about the decomposition of the compounds produced a 
correspondingly large amount of heat must be supplied, 
i. e. a high temperature is necessary. 

To explain the greater stability of the compounds of 
water with oxides as compared with the compounds with 
salts, it is supposed that in the latter the water is present in 
whole molecules loosely combined with the molecule of the 
salt, whereas in the former it lias completely lost its iden- 
tity. Thus crystallised copper sulphate may bo formulated 
CuS0 4 + 5 H 2 0 or CuSO • 5 H 2 0, but barium hydroxide 
must not be represented BaO + H 2 0 or BaO • H 2 0, i. e. 
as containing a molecule of BaO and a molecule of water ; 
it must be written Ba(OH) 2 , i. e. it contains twcfhydroxyl 
(OH) groups united to an atom of barium. 

The constitutional forttmlft, adopting the two methods, 
will bring out the difference cloarly 


(1) 

( 2 ) 


Ba 



0 + H - 
0 - II 

o - ri 


o - H 


It is supposed that all the compounds of water with 
oxides contain one or more (OH) groups, and they are 
consequently called hydroxides , whereas the combinations 
of salts and water are termed hydrates. 
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Action of Metals on Water. — This has been fully dis- 
cussed in § 27, and does not require further treatment 
here. 

. 118. Action of Water on Compounds containing 
Chlorine. — Many compounds of non-metals with chlorine or 
chlorine and oxygon react vigorously with water producing 
hydrochloric acid and another acid (or sometimes an oxy- 
chloride). Such substances are phosphorus trichloride, PC1 3 , 
phosphorus pen tael i lor i do, PC1 6 , phosphorus oxychloride, 
POCl 8 , and sulphuryl dichloride, S0 2 C1 2 . The phosphorus 
compounds react with water according to the following 
equations : — 

PC1 3 + 3 lip = IIgP0 3 + 3 nCl. 

• * Phosphorous arid. 

PC1 6 + H,0 = POCl 8 + 2 JIC1 (with a little water) 

POGlg + 3 II,/) = 11 8 P0 4 + 3 TIC1 (with more water). 

Phosphoric add. 

On combining the last two equations to represent the reac- 
tion of PC1 5 with excess of water we get — 9 

PC1 6 + 4 H 2 0 = H B P0 4 + 5 HC1. 

The reaction between sulphuryl diclilorido and water is 
represented thus — 

% S0 2 01 2 + 2 H 2 0 « H 2 S0 4 + 2 HC1. 

Sulphuric acid. 

119. Tests for Water. — ^distinguish water from other 
colourless liquids the following tests may be applied : — 

(1) Add a few drops of the liquid to a small quantity of 
anhydrous copper sulphate (prepared by igniting some 
powdered blue vitriol in a crucible till *ifc is perfectly white 
and allowing it to cool in a desiccator). Water rehydrates 
it and changes the colour from white to blue. 

(2) Add a little of the liquid to some quicklime (see 
Exp. 98). 

(3) Drop a small pellet of sodium or potassium (about the 
size of a pea) on to a portion of the liquid. If the liquid is 
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water hydrogen will be evolved and will take fire in the 
case of potassium. 

To decide whether water is pure or not its physical 
properties may be utilised. The liquid should 

(a) bo colourless, tasteless and odourless \ 

(b) freeze at 0° C. ; 

(c) boil at 100° C. under 760 ram. pressure. 

Moreover, pure water should give no precipitate or 

coloration with (1) silver nitrate (showing absence of 
chlorides, (2) barium chloride (showing absence of sulphates), 
(3) Nesslers solution (showing absence of ammonia), (4) 
lime water (showing absence of carbonates). 

Hydrogen Peroxide, H 2 0 2 . 

120. This substance has been found in very small quan- 
tities in rain and snow, and also in the water formed by the 
combustion of hydrogen. 

It is produced in small quantity during the slow oxida- 
tion of phosphorus and in larger quantities when turpen- 
tine in shaken with water in the presence of aij*. 

Preparation. — The peroxides of the alkali and alkaline 
earth metals yield hydrogen peroxide on treatment with 
dilute acids. Either barium peroxide or sodium peroxide 
is generally used in practice. The following are the details 
of the preparation of the pure substance using barium 
peroxide and sulphuric acid : — 

Some dilute sulphuric acid is placed in a beaker and 
surrounded by a freezing mixture of ice and salt to keep its 
temperature low. A cream of barium peroxide and water 
which has also been cooled in a freezing mixture is thon 
slowly run into the acid with •constant stirring. Barium 
sulphate is precipitated and hydrogen peroxide goes into 
solution. Excess of barium peroxide must not be added 
or it will decompose the hydrogen peroxide. The best way 
is to add rather less than an equivalent quantity of barium 
peroxide (i. e. keep the solution acid to test paper) and re- 
move the excess of acid by barium carbonate. The barium 
sulphate and any excess of barium carbonate are filtered off,. 
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and the filtrate evaporated on the water-bath, the tempera- 
ture not being allowed to rise above 75° C., or the hydrogen 
peroxide will be decomposed. By this means a considerable 
part of the water is driven off. The final purification is 
■accomplished by fractionally distilling the liquid under 
reduced pressure (about 10 min. of mercury). Water comes 
off first, and when this has all been removed the receiver is 
changed ; on continuing the distillation hydrogen peroxide 
passes over ill an almost pure state. 

The equation representing the formation of hydVogea 
peroxide from barium peroxide and sulphuric acid is — 

Ba0 2 + H 2 S0 4 = BaS0 4 + ll £ O r 

121, Properties. — Hydrogen peroxide is a thick liquid 
witlra specific gravity about 1*5; it is colourless in small 
masses, but in large masses it has a decidedly bluer colour 
than water. 

Hydrogen peroxide is remarkable for the ease with which 
it breaks up into water and oxygen aficording to the 
equation — 

2 II 2 0 2 = 2 H 2 0 + 0 2 . 

The pure substance decomposes with explosive violence 
on slight rise of temperature, and the dilute aqueous solu- 
tion loses oxygen rapidly on boiling. 

Hydrogen peroxide affords another interesting example 
of catalysis, for its dilute solution decomposes rapidly at 
ordinary temperature in contact with certain metals such 
as finely-divided platinum, the latter undergoing no change. 

122. Oxidising Action of Hydrogen Peroxide. — Owing 
to the ease with which hydrogen peroxide parts with an 
afoui of oxygen it is a powerful oxidising agent. Thus it 
converts lead sulphide into load sulphate, according to the 
equation — 

PbS + 4 11,0, = PbS0 4 + 4 H 2 0. 

Lead sulphide. Lead sulphate. 

Ordinary molecular oxygen will not bring about this 
change except on heating. We have, however, seen in 
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discussing ozone that atomic oxygen is more active than 
molecular oxygen, and it is the atomic oxygen produced 
when hydrogen peroxide decomposes which acts so readily 
on the lead sulphide. We may therefore represent the 
reaction in two stages — 

4 II 2 0 2 - 4 H 2 0 + 4 O. 

Atomic. 

PbS + 40= PbS0 4 . 

Atomic. 

This reaction is made use of in restoring the colour of 
old pictures which have been blackened by the action of 
sulphuretted hydrogen on the lead paint. The hydrogen 
peroxide converts the black lead sulphide into white lead 
sulphate. Other examples of its oxidising action are 
represented in the following equations : — 


H,S 

Sulphuretted' hydrogel* 

+ h 2 0 2 

= 2 H 2 0 r 

s. 

Sulphur. 

CaO 

+ 

= Ca0 2 + 

n,o. 

C&lctfim monoxide. 

CVcium dioxide. 


2 KI 

+ n 2 o 2 

= 2 KOH + 

h 

Iodine. 

PotftBsium Iodide. 

Caustic potash. 


Hydrogen peroxide possesses the power of bleaching 
many vegetable and animal colours, and is much used for 
bleaching hair, silk, ivory, etc. It also destroys . decaying 
organic matter, and consequently finds application as a 
disinfectant. Both these properties depend upon its oxidis- 
ing action. 

123. Reducing action of Hydrogen Peroxide. — When 
silver oxide, Ag 2 0, is treated* with hydrogen peroxide a 
mutual decomposition takes place; the silver oxide is 
reduced to silver and the hydrogen peroxide to water, 
and a molecule of oxygen is evolved — • 

Ag 2 0 + 1I 2 0 2 03 2 Ag 4 * H a 0 + 0 2 . 

The explanation of this is that both silver oxide and 
hydrogen peroxide contain a loosely-combined atom of 
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oxygon, and the attraction of these two atoms for one another 
is greater than their respective attractions for silver and 
water. They consequently break away and unite to form 
a molecule of oxygen. We may represent this in the 
"following way, a thick arrow indicating greater attracting 
force than a thin arrow — 


. Ag, 4 O O OH a . 
i i 

Other examples of the reducing action of hydrogen 
peroxide explained in a similar manner are represented by 
the following equations : — 

• MnOjj + H 2 0 3 — MnO + II 2 0 + 0 2 . 

Manganese dioxide. Manganous oxide. 

2 CrO, + 3 H a O a = Cr 2 0 8 + 3 H,0 + 3 O s . 

Chromium trioxlda Chromic oxide. 

n 2 o s + o 8 h 3 o + .2 Oj. 

Ozone. 

Potassium permanganate in acid solution is also reduced— 

2 KMn0 4 + 4 H 2 S0 4 + 5 H 3 O a = 2 KHS0 4 + 2 MnS0 4 

+ 8 H a O + 5 O a . 

124. Experiments with Hydrogen Peroxide. — To illus- 
trate the preparation and properties of hydrogen peroxide, 
the following course of procedure may be adopted: — 

Exp. 99. — Add 10 o.o. of concentrated sulphuric acid to 200 o.o. of 
water, and allow the mixture t& stand till it becomes quite cold ; 
now add little by little, with constant stirring, about 30 grammes 
of barium peroxide. Allow to settle, and decant off tne clear 
liquid. It is a dilute solution of hydrogen peroxide, and the 
following experiments may be performed with it — 

(1) To some of the liquid add potassium iodide, iodine will be 

liberated, and the solution become brown. The equation for the 
reaction whicji takes place has been given in § 122. ^ 

(2) Make a dark Bt&in of sulphide of lead on filter paper by first 
moistening it with a solution of a lead salt, say the acetate, and 
then exposing this to sulphuretted hydrogen. Steep the paper in a 
little of the hydrogen peroxide solution and it will become white, 
the black sulphide of lend having been transformed into the white 
sulphate, as snown in the equation given above. 
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(3) Add sliver nitrate to some of the solution, and then caustio 
soda; a black pieeipitate of hydrated oxide of silver will be formed, 
and this in contact with the hydrogen peroxide will undergo 
decomposition in the manner already described ; the effervescence 
of gas which is seen to occur may be shown to be due to oxygen. 

125. Proof of the Composition of Hydrogen Peroxide. — 

The following method may be adopted to prove that the 
ratio of oxygen to hydrogen in hydrogen peroxide is twice 
as great as it is in water : — A given weight (about 0*2 
gramme) of the pure substance, prepared as already described, 
is introduced into a flask, which is then filled up completely 
with recently-boiled water. This flask is provided with a 
delivery tube which does not reach below the bottom of 
the cork, and is also filled with water. The llask is 
heated at first to about 80° C., but finally (when ' the 
evolution of gas slackens) to the boiling-point. Oxygen 
is evolved, and is collected over water in a measuring,, 
tube of about 100 c.c. capacity. The weight of oxygen 
evolved ca^ be calculated from its volume, and if the 
hydrogen peroxide is pure it will be found that 34 parts by 
weight of it yield 16 parts by weight of oxygen. The 
remaining 34 — 16 = 18 parts by weight consist of water. 
Now 18 parts by weight of water contain 16 parts by 
weight of oxygen and 2 parts by weight of hydrogen. 
Therefore the ratio of oxygen to hydrogen in hydrogen 
peroxide is 2x16:2=16:1, which is twice as grefyt as the 
ratio in water (approximately 8:1). 

The simplest formula for hydrogen peroxide would be 
HO, for 1 and 16 are the atorfiic weights of hydrogen and 
oxygen. It has been proved, however, by a physical 
method of determining molecular weights (the lowering of 
freezing-point method), that the molecular weight is not 
17 as it would be if "the formula were HO, but 34, which 
corresponds to the formula H 2 0 2 , The doubled formula 
possesses the advantage that it fits in with the usual 
valencies of hydrogen (one) and oxygen (two). Thus the 
structural formula would be — 


H-O-O-IL 
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If however the single formula were adopted, both oxygen 
and hydrogen must have the same valency, the structural 
formula being II - O. 


QUESTIONS. — CHAPTER XIII. 

1. Describe carefully a synthetic method of determining 

the composition of water by volume. 

2. How may the volumotric composition of water be 

determined analytically ] 

3. In a determination of the volumetric composition of 

"water by Bunsen’s method the following readings 

were taken — 

Distance of closed end of tube from mercury in 
trough (Neglect any slight changes.) 72 c.m. 

Height of column of mercury above iye^cury in 
trough after introduction of oxygen . 5*1 c.m. 

Height of column of mercury above mercury in 
trough after introduction of hydrogen . 14 c.m. 

Height of column of mercury above mercury in 
trough after explosion and cooling to atmospheric 
temperature . . . 23*85 c.m. 

temperature of the air throughout the experi- 
ment . . . . . 16° C. 

Atmospheric pressure throughout the experi- 
ment . . * . .75 c.m. 

Pressure of aqueous vapour at 16° C. . 1*35 c.m. 

Calculate the volume of hydrogen combined with 1 
volume of oxygen. 

4. How would you prove by expofiment that steam 

contains its own volume of hydrogen? 

5. Describe* tlio method by which Dumas and Stas 

determined the composition of water by weight. 

6. Pure hydrogen is passed over heated oxide of copper, 

and the water which forms is collected ; if the loss in 

weight of the oxide of copper be 4*20 grammes, and 
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the weight of the water obtained 4*73 grammes, 
determine the amount of hydrogen and oxygon in 100 
grammes of water. 

7. Trace the changes in volume that occur when heat is 

applied to a mass of ice until it melts and passes into 
vapour. 

8. Define the unit quantity of heat . What name is given 

to this unit 1 

9. What is meant by u specific heat ” ? The specific heat 

of air is 0*21 ; find how much the temperature of a 
cubic metre of air will be raised by the heat given 
off during Ihe cooling of 100 grammes of water from 
25° C. to 20° 0. 

10. A kilogramme of water at 0° C. is intimately mixed 

with a kilogrammo of mercury at 100° 0., until* both 
acquire the same temperature ; the specific heat of 
mercury being 0*033, find the increase in temperature 
of the water. 

11. What do y<?u understand by the term “latent heat”! 

^Under what circumstances does heat become latent, 
and what becomes of the heat thus rendered latent? 

12. How much ice at 0° C. will a kilogramme of mercury at 

100° C. just suffice to melt? 

13. How many units of heat are required to raise tho 

temperature 

(a) of 100 grammes of water 10 C°. 

(b) »» *) ^ n mercury 10 \ 

and to convert 100 grammes of water at 0° G. into 
steam at 100 C°. ? 

14. Describe an experiment showing that water vapour 

exerts a pressure at ordinary temperature. 

15. Explain what is meant by the boiliny-point of a 

liquid . # 

16. When is a solution said to be saturated f What 

amount of potassium nitrate (see table, § 115) would be 
required to form a saturated solution in 150 c.c. of 
water, (a) at zero, (6) at 50° C. ? 
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17. State Henry's Law. What volume of CO* will dis- 

solve in 250 c.c. of water under standard pressure, 

(a) at zero, (b) at 20° C., and what at these tem- 
peratures when the pressure is that of 76 mm. of 
mercury, and when it is three atmospheres? 

18. A mixture of carbon dioxide and oxygen containing 

95 per cent, by volume of the latter gas is shaken up 
with 500 c.c. of water at standard temperature and 
pressufe ; what volume of each gas will bo dissolved ? 

19. In what respects does a typical sample of rain ‘water 

differ from the water of the Thames ? 

20. How does it come about that sea water contains more 

matter in solution than river water ? 

21. What are the essential qualities of good drinking 
• water ? 

22. Why is more soap required to produce a permanent 

lather with hard water than with soft water? 

23. State the constituents to which the temporal y and 

permanent hardness of water are respectively due. 

24. Explain the circumstances under which tlieP addition of 

lime-water renders a water soft, and state ♦hy it 
does so. 

25. IIow can calcium carbonate be made to dissolve freely 

in water, and how may the calcium carbonate be 
precipitated out of such water again without the 
addition of chemical reagents ? 

26. HoV can permanent hardness bo removed from water ? 

27. How can the temporary and permanent hardness in a 

sample of water be determined? 

28. What is meant by water of crystallisation t Give 

examples. 

29. Distinguish between a hydrate and a hydroxide^ and 

give examples of each. • 

30. Write down in separate paragraphs (a) the physical, 

(b) the chemical properties of water. 

31. Make a list of those properties of water which you 

regard os being absolutely characteristic of that body. 

32. How would you test whether a given colourless liquid 

is water or not ? 
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33. Describe how you would test the purity of a sample of 

water. 

34. How is hydrogen peroxide prepared? What is its 

action on (1) potassium iodide, (2) lead sulphide, (3) 
silver oxide 1 

35. It has been said that hydrogen peroxide behaves both 

as an oxidising and a reducing agent ; explain this 
statement, and illustrate your remarks by references 
to reactions. * 

36. Ifow can the composition of hydrogen peroxide be 

proved ] 



CHAPTER XIV. 

THE HALOGENS. 

12G. A comparison of the physical and chemical properties 
of the four elements, fluorine, chlorine, bromine and iodine, 
and* of their compounds, readily leads one to regard these 
elements as forming a natural group. 

This is shown in two ways, firstly by the resemblance in 
properties, and secondly by the gradual transition in their 
properties, which proceeds always in the* same order, viz. 
in the order of their atomic weights. A general survey of 
the group will illustrate this. + 

Physical Properties of these Elements. — Fluorine is a 
gas which condenses to a liquid when cooled to a tempera- 
ture of - 187° 0. ; it possesses a very faint greenish-yellow 
colour*, chlorine is a much more readily-condensibie gas, 
and has a distinct greenish colour ; bromine is a dark red 
liquid boiling at 59° C. and solidifying at - 7° C. ; whilst 
iodine is a black crystalling solid which boils at 184° C., 
its vapour being of a beautiful violet colour. 

In the gaseous condition these elements have a vory 
irritant action on the nmsous membrane, which is, how- 
ever, much less nu.rked in the caso of iodine than in that 
of the other three olcments. The halogens have an odour 
resembling that of seaweed if they are in a largely- 
diluted condition. 

Tlioir solubility in water follows the order of their atomic 
weight as far as chlorine and iodine are concerned, but 
bromine is an exception, whilst fluorine decomposes water. 
Thus chlorine dissolves in about half its volume of water, 

173 . 
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whilst iodine is only very slightly soluble. Bromine, how- 
ever, dissolves to the extent of 3 parts in 100 by weight, 
which corresponds to about 4 volumes of bromine as 
vapour in 1 volume of water. 

When chlorine is passed into water to saturation at - 
0° C., yellow crystals having the composition (Jl 2 * 8 If 2 0(1) 
separate out. On warming these crystals they readily 
decompose with the evolution of chlorine. Bromine under 
similar circumstances forms crystals having the composition 
Br 3 • K) H 2 0(?). 

127. General Chemical Properties. — All the halogens 
combine directly with hydrogen to form gases (except 
hydrofluoric acid, which is a liquid boiling at 19*5° C.). 
These hydrides of the halogens are very soluble in water, 
giving rise to strongly acid solutions. The readiness with 
which combination with hydrogen takes place decreases 
as the atomic weight increases. Thus, fluorine and hydro- 
gen combine e\^n in the dark and at very low tem- 
peraturefc, * whereas chlorine requires the influence of 
heat or of chemically active light rays, and bromine and 
iodine are induced to combine with hydrogen with much 
greater difficulty. 

Moreover, the stability of the products, ITF, HC1, HBr, 
HI f shows a falling off in the order named. 

The hydrogen atom of each of these compounds can be 
replaced by the metals potassium and sodium to* form a 
group of bodies, KF, NaF, KC1, etc., all of which closely 
resemble sea-salt. It is from* this that the name halogens 
is derived (aAs, sea-salt, and ycwda >, I produce). 

The tendency of the halogens to combine with oxygen 
increases as the atomic weight increases . Thus, whilst 
fluorine forms no oxide, and chlorine can only be made to 
combine with oxygen indirectly giving rise to unstable 
oxides, iodine is directly oxidised by nitric acid, and its 
oxide is much more stable. Bromine occupies an anomalous 
position here, as no oxide of it is known. 

The interaction of the halogens and water affords another 
example of this gradation in properties as we pass from 
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fluorine to iodine. Fluorine decomposes water immediately 
at ordinary temperatures, a vigorous reaction taking place ; 
muck of the oxygen liberated is in the form of ozone. 
Chlorine and bromine act on water at ordinary tempera- 
tures only in the presence of sunlight, and no ozone is 
formed ; chlorine is much the more active of the two. 
Iodine does not decompose water. 


Chlorine, Cl 2 . 

128. Occurrence. — Chlorine occurs very abundantly in 
nature, but never in the free state. Its most important 
compound is common salt (sodium chloride), which forms 
largoMeposits in various parts of the world, e. y. Cheshire 
in Fn gland, and Wieliczka in Galicia. Common salt is 
also the chief solid constituent of sea water. The enormous 
salt deposits at Stassfurt in Germany are composed largely 
of the chlorides of potassium and magnesium. IJyee hydro- 
chloric acid is a constituent of the gastric juice. # 

129. Preparation. — Chlorine is usually prepared in the 
laboratory by heating manganese dioxide with concentrated 
hydrochloric acid. The reaction which takes place is 
represented by the equation — 

•MnO, + 4 1IC1 - MnCL + 2 II 2 0 + Cl 2 . 

Man&inpRe uioxi(h’. Manganous cnioridc. 

Exp. 100. — Introduce about 100* rammes of manganese dioxide, in 
small lumps, into a large flask, and just cover it with strong hydro- 
chloric acid. Close the mouth of the flask with an india-rubber cork 
carrying a safety funnel and delivery tube. Support the flask on a 
saua-bath by means of a retort-stand, and connect it with a wash* 
bottle containing a little water. Provide ttie wash-bottle with a 
delivery tube reaching to the bottom of a glass cylinder as shown in 
Fig. 86. Now*apply a gentle heat to the flask, when chlorine is 
evolved mixed with hydrochloric acid. For a short time, both the 
chlorine and the hydrochloric are absorbed by the water in the wash- 
bottle. Soon, however, the solution becomes saturated with chlorine 
which then passes on, whilst the hydrochloric acid, being very much 
more soluble, continues to be absorbed in the wash-bottle. The chlorine 
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is collected in glass cylinders by displacement of air ; it cannot be 
collected over water or mercury because it is soluble in the former 
and attacks the latter ; it may, however, be collected over rtrong 
brine in which it is only slightly soluble. 

If the gas is required dry it may be passed through one 
or more wash-bottles containing concentrated sulphuric 
acid before being collected as above. 

Instead of using hydrochloric acid in the preparation of 
chlorine just described, a mixture of common salt and 



strong sulphuric acid may be employed. The •'equation 
representing the reaction which takes place then becomes — 

MnO* + 3 H 2 S0 4 + 2 NaCl = MnS0 4 + 2 NaHS0 4 

4- 2 H 2 0 + Cl 2 . 

The most convenient method, of preparing chlorine is to 
act on bleaching powder with dilute hydrochloric acid. 
The bleaching powder is used in the form of small lumps, 
obtained by first pressing it into a cake and tlfen breaking 
this cake up. Under these conditions chlorine is evolved 
at a convenient rate without the application of heat — 

Ca001 2 + 2 HC1 - CaCl, + H,0 + Cl r 

Bleaching powder. Calcium chloride. 
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130. Properties. — Chlorine is a greenish-yellow gas which 
has a very irritating action on the mucous membrane. It is 
soluble in water, one volume of which takes up about two 
volumes of the gas at ordinary temperatures. Chlorine is 
a heavy gas, its density being about two and a half times 
that of air. Its molecule contains two atoms, except at 
very high temperatures, when partial dissociation into 
single atoms takes place, as shown by the fall in vapour 
density. • 

Chlorine is a very active substance. It combines directly 
with many elements and compounds at the ordinary 
temperature, very frequently with incandescence. 

131. Combination of Chlorine and Hydrogen. — When 
chlorine and hydrogen are mixed and exposed to direct sun- 
light they combine with explosion, hydrochloric acid being 
formed. Burning magnesium wire, which gives out light 
very rich in chemically active rays, also causes the mixture 
to explode. In diffused daylight combination takes place 
gradually, and in the dark hydrogen a inf chlor^np do not 
unite. By proceeding as described in the following experi- 
ment it is possible to burn hydrogen quietly in chlorine. 

Exp. 101. — Prepare a jar of chlorine from manganese dioxide and 
hydrochloric acid a-* described above, and introduce a lighted jet of 
hydrogen into it. It continues to burn with the production of fumes 
of hydiochloric acid, which may be made more visible by bringing a 
drop of ammonia liquor to the mouth of the jar. 

The affinity of chlorine for hydrogen is so great that it 
is able to extract it from many compounds, such as turpen- 
tine (C 10 H W ), sulphuretted h)tlrogen (H.,8) and water. 

Exp. 102 . — Introduce a piece of blotting-uaper soaked in turpentine 
into a jar of chlorine. The turpentine taxes fire ; white fumes of 
hydrochloric acid are formed and a black deposit of free carbon 
settles on the sides of the jar. • 

O 10 ll w + 8 01^ = 10 C + 16 11 Cl. 

Exp. 103. — Mas chlorine for some minutes through about 50 c.c, of 
water, and to about 20 c.c. of this add a solution of sulphuretted 
hydrogen ; hydrochloric acid is formed, the liquid becoming turbid 
owing to the separation of sulphur, according to the equation — 

Clt + H a S = 2 HC1 + S. 


M. CHKM. . 
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Exp. 104. — Fill a Cowper's tube with chlorine water (see 
Fig. 37) and expose to direct sun- 
light ; bubbles of gas will be seen 
to rise in the liquid. Whou suffi- 
cient gas has collected it may be 
tested with a glowing splinter, and 
will be found to be oxygon. Tho 
chaDge which has taken place is 
represented by the equation — 

8 Cl 2 + 8 H.,0 = 14 HC1 + 

2 UClOg + O r 

Chlorine will, moreover, support 
the combustion of a candle or of 
coal gas, on account of its affinity 
for hydrogen. The substances of 
which candles are composed consist 
either entirely, or at any rate largely, 
of carbon and hydrogen, and when 
a lighted candle is lowered into a 
jar of chlorine it continues to burn 
with formation of hydrochloric acid 
and separation of carbon, just as in 
the case of turpentine. 

Exp. 105.- -Fix a piece of candle into a 
deflagrating spoon, light it, and lower into a jar of chlorine. The 
candle continues to burn with a dull red smoky flame apd soot is 
deposited on the walls of the jar. 

Coal gas, again, consists almost entirely of a mixture of 
free hydrogen and compounds of carbon and hydrogen, and 
when a jet of lighted coal gas is lowered into a jar of 
chlorine it, continues to burn, b^it the flame becomes duller 
and smoky owing to the separation of free carbon. 

132. Combination of other Elements with Chlorine. — 

Exp. 106. — Into ajar of chlorine bring a piece of phosphorus on a 
deflagrating spoon and without the application of boat ; presently the 
phosphorus will ignite and burn feebly with the formation of 
phosphorus trichloride — 

P 4 4* 6 Gl, = 4 I»Cl r 



i- " ■ 2 
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Antimony, copper and some other metals in a finely- 
divided condition also ignite when plunged into chlorina 

Exp. 107. — Tleat a piece of sodium in a deflagrating spoon until 
it takes fire, and then plunge it into a jar of chlorine ; the sodium 
bums brilliantly, uniting with the chlorine to form sodium chloride. 

Inactivity of Dry Chlorine. — It is p ound that, though, 
as we have seen, moist chlorine is a very active substance, 
perfectly dry chlorine is comparatively inactive. Thus, 
sodium even when heated does not combine with dry 
chlorine. Here, then, we meet with another example of 
the phenomenon already encountered in the case of hydro- 
gen and oxygen, that the presence of water is necessary in 
order that a chemical reaction may take place. 

133. Oxidising Action of Chlorine. — Chlorine is a strong 

oxidising agent in the presence of moisture , this property 
depending on its power of combining with the hydrogen 
of water and liberating nascent oxygen. m An example of 
such action is its power of converting sulphurous acid into 
sulphuric acid. • 

n 2 so 3 + ii 2 o + (ji, =» n a so 4 + a hci. 

Sulphurous «cid. Sulphuric acid. 

Another example is furnished by the bleaching properties 
of chlorine ; vegetable colouring matters, e. g . the pigments 
in the leaves and flowers of plants are deprived of their 
colour by moist chlorine, though in the absence of moisture 
no such action takes place. m 

Exp. 108. — Prepare a jar of dry chlorine (using two sulphuric acid 
wash-hottles). Place in this a piece of cloth dyad with turkey-red and 
leave it some minutes with the cpvor on ; no decolorisation will occur, 
but or. moistening the cloth it will be bleached. 

• 

134. Action of Chlorine on Organic Substances. — Many 
organic substances are very readily attacked by chlorine. 
In some cases (e. g . ethylene) the chlorine simply adds itself 
on to the compound, and addition products are formed. In 
other cases (e.g. marsh gas) chlorine replaces one or more 
atoms of hydrogen, and substitution prodttets result : th* 
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displaced hydrogen combines with more chlorine forming 
hydrochloric acid. We shall return to this subject when 
studying the hydrocarbons (see Chap. XXII.). 

Chlorine is a very powerful disinfectant , as it rapidly 
kills the minute forms of life known as bacteria, which are 
the chief cause of the putrefaction of organic matter. 

135. Chlorine Hydrate. — This substance is produced by 
passing chlorine into a mixture of water ai^d ice. It is 
a greenish crystalline compound of uncertain composition, 
best represented by the formula 01 2 ‘ a?H_ 2 G > where a? is either 
8, 9 or 10. At ordinary temperature it decomposes into 
chlorine and water. 

136. Liquid Chlorine. — Chlorine can readily be liquefied 
as described in § Liquid chlorine is an orange-yellow 
substance of specific gravity 106 ; it boils at - 33*6° C. It 
is prepared commercially for use in extracting gold. 


Bromine, Br 2 . 

137. Occurrence. — Bromine dues not occur in the free 
state in nature, it is found in small quantities in combina- 
tion with certain metals, ehielly potasbinm, sodium, magne- 
sium and calcium, in sea water and in many mineral waters. 
The salt deposits of Stassfurt contain a small percGntage of 
bromides, and it is from this source that most of the bromine 
of commerce is obtained. # 

138. Preparation. — Bromine may be prepared from 
sodium bromide or potassium bromide by heating with 
strong sulphuric acid and manganese dioxide, just as 
chlorine is prepared from common salt. 

2 KBr + 8 H*S0 4 + Mn Q a = 2 KHS0 4 + MnS0 4 + 2 H.,0 + Br 9 . 

Exp. 109. — Introduce into a tubulated retort a mixture of about 
20 grammes of potassium bromide and 10 grammes of manganese 
dioxide. Cover the mixture with strong sulphuric acid poured in 
through a funnel inserted in the tubulus of the retort. Insert the 
stopper and place over the open end of the retort a llask resting in 
a trough of water and ooverea over with a wet doth, as shown in the 
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diagram (Fig. 38). On gently heating the mixture bromine distila 
over and condenses in the cooled receiver, where it collects as a dark- 
red liquid. Since the vapours of bromine are very injurious, the 
operation must be performed in a fume cupboard with a good draught. 



* 139. Properties. — Bromine is a heavy, mobile, <fitrk-red 
liquid, possessing a very offensive odour (hence its name 
from (Spun o* = a stench). Its action on the mucous mem- 
brane© is worse even than that of chlorine. Bromine has 
a specific gravity of 3*188 (water *= 1) at 0* C., and it boils 
at 59° C,, the vapour possessing the same colour as the 
liquid. At ordinary temperatures bromine rapidly evaporates 
if exposed in an open vessel. 

Bromine is soluble in a niftnber of liquids giving reddish- 
brown solutions ; the chief are — water, alcohol, ether, acetic 
acid, carbon disulphide, and chloroform. At 0° C. 1 gramme 
of water dissolves 0 036 grtimme of bromine; the solubility 
in the other liquids mentioned is considerably greater. 

Exp. 110. — Test the solubility of bromine in some or all of the above 
liquids (using the bromine you prepared in the last experiment). By 
adding the bromine drop by drop to eaual volumes of each of the 
liquids (say 5 o.o. ), shaking up after each addition, and noting when 
further solution ceases (as shown by the bromine remaining undissolved 
at the bottom of the liquid), a rough comparison of its solubility in the 
different solvents can be made. 
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Bromine, like chlorine, contains two atoms in its gaseous 
molecule, except at high temperature, when partial dis- 
sociation into free atoms takes place. The dissociation is, 
however, much more complete with bromine than with 
chlorine. 

As regards its chemical properties, bromine behaves like 
chlorine, but is generally much less active. Thus, many 
metals and non-metals combine readily with bromine, some 
( e . g. arsenic) with evolution of so much heat that they take 
fire. The action of bromine on phosphorus is, indeed, so 
violent that it is advisable to moderate it by dissolving the 
bromine in three times its volume of carbon bisulphide. 

Bromine and hydrogen do not combine directly at ordinary 
temperature, but combination can be brought about by the 
application of heat, e. g. by passing the mixed gases through 
a red-hot tube. A solution of bromine in water (called 
bromine water ) gradually decomposes in sunlight with 
evolution of oxygen and formation of hydrobromic acid— 

, , 2 fSr 2 + 2 J[ 2 0 = 4 IIBr + 0 2 . 

The cfecompoeition is, however, much Blower' than with 
chlorine. 

As we should expect from what has just been said, 
bromine water acts as a mild oxidising agent and exhibits 
feeble bleaching properties, its action being explained 
exactly as in the case of chlorine. It is much used as an 
oxidising agent in analytical chemistry. Bromine readily 
attacks organic substances such as starch and the skin, 
turning them yellow . • 

Exp. 111. — Add a drop of bromine water to some starch and note 
the yellow colour developed. 

Bromine is readily displaced from its compounds with 
metals by the more active element chlorine. The following 
experiment should be performed to illustrate tjris. 

Exp. 112. — Add some chlorine water to a solution of potassium 
bromide : not he red col our developed. Shake up the liquid with a 
Little carbon disulphide. The bromine dissolves in it and the red 
solation collects at the bottom of the vessel. 

2 KBr + Cl* = 2 KC1 + Br* 
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Bromine is used in photography and in medicine, and 
also as a disinfectant. 

Bromine Hydrate. — Bromine combines with water at 
low temperatures, forming a compound, Br a * asH a O, corre- 
sponding to chlorine hydrate. 


Iodine, T,. 

« * 

* 140. Occurrence. — Iodine is not found free in nature, 
but its compounds with the metals potassium, sodium, 
magnesium and calcium are widely distributed, though 
they do not occur in largo quantity at any one place. 
Thus sea water and the plants and animals which inhabit 
the Sea, notably sea-weed, contain small quantities of 
iodides, as also do many mineral waters. The crude 
sodium nitrate (caliche), found in such abundance in Chili 
and Peru, contains small quantities of sodium iodate, and 
this is now the chief source of the element! 

• • 

* 141. Preparation. — In the laboratory iodine is prSpared 
in a similar manner to bromine, namely, by heating potas- 
sium or sodium iodide with manganese dioxide and strong 
sulphuric acid — 

2 KI + 3 H 2 S0 4 + MnCXj = 2 KHS0 4 + MnSG 4 + 2 H 2 0 + I s . 

• 

This method is, as we have seen, a general one for the 
preparation of the halogens, except fluorine, and the reaction 
may be represented thus — * 

2 XII + 3 H a S0 4 + Mn0. 2 - 2 XIIS0 4 + MnS0 4 

+ 211,6 + 11 , 

where X = K or Na and R = Cl, Hr I. 

Exp. 113. — Prepare iodine by following the directions in Exp. 109, 
using potassium iodide in place of potassium bromide. The same 
apparatus should be use*!, but it will not bo necessary to cool the 
receiver by cold water. Some of the iodine will probably condense in 
the neck of the retort ; it can be driven into the receiver by gently 
warming with a Bunsen burner. 
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* 142. Properties. — Iodine is a lustrous crystalline black 
solid of specific gravity 4*95. It melts at 113* G., and 
boils at 184° 0., forming a deep violet vapour ; at ordinary 
temperatures, however, iodine slowly undergoes vaporisation. 
The density of iodine vapour is very high, being about eight 
and a half times as great as that of air, and 126 times that 
of hydrogen. This corresponds to a molecular weight of 
2 x 126 » 252, which is about twice the atomic weight of 
iodine, so that the gaseous molecule of iodine contains two 
atoms. This is only true up to 450° C., however, for above 
this temperature the density gradually falls, till at 1,500° C. 
its value is reduced by nearly one-half, showing that 
most of the molecules have been broken down into single 
atoms — 

J 2 - J + I. 

We have seen that chlorine and bromine behave in a 
similar manner, but the decomposition is much less com- 
plete than in the case of iodine. Since bromine is decom- 
posed to r. greater extent than chlorine, we have here 
another property which follows the order of the atomic 
weights of the three elements. 

Iodine is only slightly soluble in water, 100 grammes of 
which dissolve 0‘ 02 gramme of the element, but many 
other liquids dissolve it in much greater quantity. These 
solvents may bo divided into two classes, according as the 
colour of the solution they produce is reddish-brown or 
violet ; to the former class belong water, potassium iodide, 
alcohol, and ether ; and to the latter, carbon disulphide, 
chloroform, and liquid hydrocarbons. 

Exp. 114. — Introduce a crystal of iodine into about 5 c.c. of each of 
the liquids mentioned above (as an example of a liquid hydrocarbon 
you can use benzene). Yon will notice tnat in all these liquids, ex- 
cept water, a deeply-colbured solution is rapidly formed ; the water is 
only coloured slightly brown. 

Observe that the colours of the different solutions correspond with 
those stated above. 

*143. Action of Iodine on other Elements. — Iodine is 
not nearly such an active substance as the other halogens, but 
it nevertheless combines directly with many elements, both 
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metals and non-metals, often, indeed, without the appli- 
cation of heat. For example, mercury and iodine will 
unite on merely rubbing them together ; again, on bringing 
together phosphorus and iodine, the phosphorus first melts 
and then combination takes place with 60 much energy that 
the mixture bursts into flame. When antimony powder is 
thrown into iodine vapour it takes fire ; and on heating 
potassium and iodine together they unite with explosive 
violence. 

Hydrogen and iodine combine directly with even greater 
difficulty than hydrogen and bromine, the temperature 
necessary being much higher ; the combination is facilitated 
by the presence of spongy platinum, which acts as a 
catalytic agent. As we should expect from this, iodine in 
the presence of water has no bleaching properties. 

*144. Displacement of Iodine from its Salts.— Just as 
chlorine displaces bromine from its compounds, illustrating 
thereby its greater activity, so both chlorine and bromine 
will displace iodine from its compounds. For example, on 
treating potassium iodide with either chlorine or brcftnine, 
free iodine is liberated — 

2 KL + Cl 2 = 2 KCl + 1 2 . 

2 KI + Br 2 * 2 KBr + 1. 2 . 

Exp. 11*. — Add a few drops of chlorine water to about 10 c.c. of a 
solution of potassium iodide. The solution will turn reddish-brown, 
owing to the liberated iodine dissolving in the excess of potassium 
iodide. Now shake up with a little carbon bisulphide. This will 
dissolve out the iodine, forming a violet solution which will collect at 
the bottom of the vessel. 

A similar experiment ma£ be performed using bromine 
water in place of chlorine water. • 

*145. The* “starch test” for Iodine. —Iodine forms a 
ery characteristic blue compound with starch. On heat- 
ing, the compound is decomposed and the colour disappears, 
but on cooling recombination takes place and the colour 
reappears. 
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Ezp. 118. — Shake a very little starch in a test-tube of cold water 
and boil well ; add a few drops of a solution of iodine in potassium 
iodide ; a blue colour is formed. Boil the blue solution, ana the blue 
colour disappears, reappearing on cooling. 

* 146. Uses. — Iodine is largely employed in medicine for 
taking down glandular swellings. It was at one time 
thought that the iodine must be applied in the free state, 
and an alcoholic solution was (and still is) used ; it has 
recently been found, however, that potassium iodide is 
quitd as effective, and as it does not leave any stain on tho 
sk;n its employment is preferable. 

Iodine in the form of potassium iodide is also used as a 
tonic. Further, a compound of iodine with carbon and 
hydrogen, called iodoform (CHig), finds wide application as 
an antiseptic. 


QUESTIONS. — CHAPTER XlVi 

1. Draw up in tabular form a comparison between the 

halogen elements with regard to — (a) their colour, 
(6) their solubility in water, (c) their action on water, 
(<2) their affinity for hydrogen. „ 

2. Describe how you would prepare and collect a jar of 

dry chlorine. Sketch the apparatus you would 
employ. * 

3. Describe experiments illustrating the great affinity of 

chlorine for hydrogen. 

4. Describe the chemical changes which accompany the 

burning of a -candle in chlorine, and show how far 
they account for the peculiar appearance of the ilame 
which is observed when a candle burns ifi chlorine. 

5. Describe experiments illustrating the oxidising action of 

chlorine. 

6. Under what conditions does chlorine act as a bleaching 

agent 1 
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* 7. Describe exactly how you would prepare bromine from 

potassium bromide, and give a sketch of the 
apparatus you would employ. 

* 8. Name some liquids which dissolve bromine and iodine, 

and state the colour of the solution produced in each 
case. Compare the action of these two halogens bn 
starch. 

9. What is the action of chlorine on solutions of sodium 
bromide, potassium iodide and sulphuretted hydrogen 
respectively 1 • 

*10. Describe the action, if any, which takes place when 
sulphur, phosphorus, carbon, silicon and sulphuret- 
ted hydrogen are respectively brought into contact 
with iodine. 

11. By what general method can the halogens (except 
fluorine) be prepared! 



CHAPTER XV. 

COMPOUNDS OF HYDROGEN WITH THE HALOGENS. 

147. Hydrogen forms one compound with each of the 
halogens. These compounds are all gases at the ordinary 
temperature, except hydrogen fluoride, which is a very 
volatile liquid. They are all very soluble in water, pro- 
ducing strongly acid solutions. It will be convenient, for 
purposes of terminology, to use the terms hydrogen fluoride , 
hydrogen chloride , etc., for the gaseous acids (or anhydrous 
liquids^, Reserving the expressions hydrofluoric acid , hydro- 
chloric acid , etc., for the aqueous solutions of the hydrides. 


Hydrogen Chloride or Hydrochloric Acid, HCi. 

148. Occurrence. — Hydrogen chloride is one of the 
gaseous products of the eruption of volcanoes. 

Preparation. — Hydrogen chloride is most conveniently 
prepared by the action of ooncentrated sulphuric acid on 
common salt (sodium chloride).* The gas is evolved in the 
cold with effervescence, but much more rapidly on gently 
heating ; the following reaction takes place — 

NaOl + « II 2 S0 4 - NaHS0 4 + HOI. 

Hydrogen chloride cannot be collected over water, in which 
it is very soluble ; it may however be collected by down- 
ward displacement of air or over mercury. 

# All chlorides except silver chloride and mercurons chloride yield 
hydrochloric acid when heated with sulphuric acid. 

188 
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Exp. 117. — The apparatus required for the preparation of hydrogen 
chloride is sketched in Fig. 39. Introduce into the flask some com- 
mon salt, and fill the wash-bottle about one-third full of concentrated 
sulphuric acid. Connect up the apparatus as shown and pour concen- 
trated sulphuric acid slowly down the thistle funnel till it just covers 
the salt. Warm yently and collect the gas, which is dried by the 
sulphuric acid in the wash-bottle, in glass cylinders or other vessels as 
required. If the gas is wanted pure and qndc dry it should be passed 
through two sulphuric acid wash-bottles and collected over mercury. 



149. Properties. — Hydrogen chloride is a colourless gas 
which fumes in moist air and has a strongly irritant action 
on the mucous membrane. Its density is 18*2 (II = 1), and 
it is therefore about 1 £ times as heavy as air. 

Hydrogen chloride is extremely soluble in water, 1 c.c. of 
which at 0° 0. dissolves 503 c.c. of the gas, and at ordinary 
temperatures about 450 c.c. The solution of the gas is 
accompanied by a considerable evolution of heat, and there 
is also an increase in the volume of the liquid. The follow- 
ing experiment illustrates in a striking manner the great 
solubility of hydrogen chloride. 

Exp. 118. — Fill a largo dry flask, of at least two or threa litres con- 
tent, with hydrogen chloride gas by displacement. Fit it with nu 
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india-rubber cork, through which passes a tube with stopcock, ami 
drawn out into a jet as shown in Fig, 40. Dip the extreme end of the 
tube into water and open the stopcock. 

Under these conditions the gas at first only comes into contact with 
the water very slowly by a prooess of diffusion, and it is desirable to 
bring about contact with a larger surface of water by cooling the flask ; 
this may be done by pouring a few drops of ether over its surface. 
When the water reaches the top of the tube and overflows into the 
flask, the first few c. c. of water dissolve the whole of the gas, and the 
rest of the water rushes up through the tube with great force to fill the 
vacuum in the flask. 
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Hydrogen chloride is not combustible nor is it a supporter 
of combustion. * 

Exp. 119. — Introduce a lighted taper into ajar of the gas. The flame 
is extinguished and the gas doos not bum. Try similar experiments 
with burning sulphur and phosphorus ; these are also extinguished. 

The gas attacks many metals, especially when heated, 
with liberation of hydrogen and formation of a chloride of 
the metal. 
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Exp. 120. — Plfico some zinc in a short piece of combustion tubing ; 
heat it, and pass hydrogen chloride over it. Collect the gas given off 
over water. Tost it with a lighted taper ; it is hydrogen. The white 
residue left in the tube is zinc chloride, ZnCLj. 

Zu + 2 HC1 = ZnCLj +14 

Similar experiments may be performed with other metals, 
e. y . iron and magnesium. 

Hydrogen chloride also reacts with many metallic oxides, 
especially when heated. If the oxide is a basic oxide , water 
and a chloride of the metal are the products ; an experiment 
(Exp. 86) illustrating this has already been performed ; 
peroxides, on the other hand, give rise to free chlorine, 
together with water and a chloride of the metal. 

Exp. 121. — FroiTed exactly as described in Evj>. 80, using manga- 
nese dioxide instead of lime. Test the issuing gus, which is ycdlowish- 
green in colour, with moist litmus paper ; it is bleached. The gas is 
chlorine. 

• 

The equation representing the change which tftk^s place 
is the same, as that we have already met with in* the 
preparation of chlorine, viz. — 


Mn0 2 + 4 1 101 = Mud* 4- 2 ITfi + Cl 2 . 

When the gas is brought into contact with ammonia gas 
direct combination takes place with formation of dense 
white fumes of ammonium chloride (N1T 4 C1) unless the 
gases are quite dry — 

N 1 1 .j + H Cl = N1T 4 C1. 

IoO. Analytical proof of Jhe Composition of Hydrogen 
Chloride. — We can prove that hydrogen chloride contains 
half its volume of hydrogen by acting on it with metallic 
sodium, when the chlorine is extracted and combines with 
the sodium forming sodium chloride — 

2 1101 + 2 Na = 2 NaCl -+ II 2 . 

The sodium is most conveniently used in the form of $ 
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solution in mercury (called sodiwm amalgam), and the 
experiment may be carried out as follows: — 

Exp. 122. — About 50 c.c. of hydrogen chloride are intro- 
duced into the closed limb of a bent eudio- 
meter tube previously filled with mercury 
(Fig. 41). The levels of mercury in the two 
limbs are made equal by running mercury out 
of the tap or pouring more into the open limb, 
and the volume of gas is measured. Mercury 
is now allowed to run out of the tap till very 
little is left in the open limb and the latter 
is filled up with liquid sodium amalgam. The 
open end is then closed by the thumb and the 
hydrogen chloride transferred to the other limb 
by inverting and suitably manipulating the 
apparatus. The eudiometer is now restored to 
its normal position and then again inverted 

Fig. so as to bring the gas intimately in contact with 

the amalgam. Finally the gas is restored to the 
closed limb, and liquid is run out through the tap till the 
levels in the two limbs are equal. The volume of gas 
which remains will be found to be half that originally 
taken, and it may be proved to be hydrogen by the usual 
tests. 

To prove that the volumes of chlorine and hydrogen 
which combine to form hydrogen chloride are equal, an 
aqueous solution of the gas may be submitted to 
electrolysis. 

Exp. 123. — The experiment is carried out in the apparatus 
shown in Fig. 42, which consists of a three-limbed glass 
vessel, the two side limbs being provided with stopcocks 
and the central one with a funnel. At the base of the 
side limb are the electrodes which are connected to the 
poles of a battery. The negative electrode, at which 
hydrogen is evolved, may be made of platinum, but since 
chlorine acts on platinum the positive electrode must 
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bo made of gas carbon. Strong 
introduced through the funnel 
till tho sido tubes are full, 
and an electric current is passed 
through tho liquid with tho 
stopcocks open till tho liquid 
in the limb containing tho 
positive electrode is saturated 
with chlorine; the hydrogen 
liberated in the other limb 
being almost iusolublo escapes 
meanwhile through tho open 
stopcock. The stopcocks are 
now closed, and tho gases will 
be found to collect in equal 
volumes in the two limbs. 
Their identity may bo proved 
by the usual tests. 

From the results of these 
two experiments it follows that 
two volumes .of hydrogen chlo- 
ride consists of one volume 
of hydrogen and one volume 
of chlorine. 



151. SJynthetioal prooi of c o 

the Composition of Hydrogen 
Chloride. — The composition of Fig. 42. 

hydrogen chloride may be con- 
veniently investigated synthe- 
tically by means of the following experiment:- 




Exp. 124.— Hydrochloric acid is electrolysed in the 
vessel A, Fig. 43 (using gas carbon electrodes), and when 
tho liquid is saturated with chlorine a stout glass tube B, 
provided with a stopcock at each end, is attached to the 
delivery tube of A. The other end of B is connected with 
a bottle containing fragments of pumice stone moistened 

M. CHISM. O 
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with caustic soda solution to absorb the chlorine as it 
escapes. The stopcocks are opened and the mixture of 
hydrogen and chlorine in equal volumes generated in A 
is passed through B for some time so that all the air is 
driven out.* The stopcocks are then closed and the tube 
disconnected. 

On opening one of the stopcocks under a solution of 
potassium iodide the chlorine reacts with theKl, liberating 
iodine, and if the experiment has beon conducted properly 


B 



Fig. 43 . 


the liquid will rise just half-way up the tube, showing that 
the chlorine and hydrogen are present in equal volumes. 
The tube is now cleaned out and again filled with the 
electrolytic mixture of hydrbgen and chlorine. The stop- 
cocks are again dosed and the tube is disconnected and 
exposed to the action of the ravs from burning magnesium 
wire (the face should bo protected by a thick sheet of glass 
to avoid accident i*a case the tube explodes). The gases 
combine with explosion. The tube is allowed to become 
quite cold and one of the stopcocks is then opened under 
mercury. No gas escapes and the mercury does not rise in 
the tubo, showing that the volume of hydrochloric acid 


This must be done in the dark to prevent combination of the gases. 
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is exactly the same as that of the mixed gases from which 
it was formed. The stopcock is now closed and opened 
again under water ; the water rushes up and fills the whole 
tube, the hydrogen chloride formed dissolving completely. 
This shows that the whole of the gases have combined 
to form hydrogen chloride. We thus arrive at the same 
composition for hydrogen chloride by synthesis as by 
analysis. 

152. liquid Hydrogen Chloride. — Hydrogen chloride 
condenses to a colourless liquid under a pressure of 40 atmo- 
spheres at 10° C. ; the liquid boils under ordinary pressure 
0,0-83*7° C. Liquid hydrogen chloride is without action on 
most metals, e.g. magnesium and zinc, nor does it act on 
metallic oxides, such as lime, or on anhydrous carbonates ; 
it is therefore an inactive substance. 

153. Preparation of Aqueous Hydrochloric Acid. — A 
solution of hydrogen chloride in water, gommonly called 
hydrochloric acid (also known as “spirits of fa^ts” and 
“muriatic acid’’), may be conveniently prepared iu the 
following manner: — 

Exp. 125. — Generate hydrogen chloride in the flask A (Fig. 44), as 
described in Exp. 117, 
and pass the gas through 
an empty wash -bottle B, 
arranging so that the 
delivery % tube of A 
reaches just below the 
cork of B. Lead the 
gas away by a delivery 
tube which reaches to 
the bottom of B and is 
connected by rubbor 
tubing with a wider tube 
dipping in a beaker of 
water. The hydrogen 
chloride is absorbed by 
the water, and if tho 
process is continued long 
enough the solution 
finally becomes satur- 
ated, when it contains 

from 40-45 % of HOI. Fig. 44. 




196 COMPOUNDS OF HYDROGKN WTTfl TIIK UALOOENS. 


The object of the empty wash-bottle is to guard against any accident 
owing to a sudden cessation in the evolution of the gas which, owing 
to the great solubility of hydrogen chloride, would result in a reduction 
of pressure in the apparatus and consequent f 1 sucking back* 1 of the 
liquid in the beaker. If no wash-bottle wore present the liquid would 
be sucked back into the generating flask, but with the arrangement 
described it merely passes into the empty wash-bottle. Further, by 
arranging the delivery tubes in tho wash-bottle as shown, it is im- 
possible for the liquid to pass back out of the wash-bottle into the 
generating flask, even if it is all sucked out of the beaker into the 
wash-bottle ; all that will happen if tho gas in tho apparatus is still 
under reduced pressure will be that air will be drawn in through the 
delivery tube in the beaker, and will bubble through the liquid now 
presont in B, and mix with the hydrochloric acid above this liquid till 
the pressure is atmospheric. 

154. Properties of Aqueous Hydrochloric Acid. — Hydro- 
chloric acid is a strongly acid liquid turning blue litmus 
a bright red ; it is very corrosive, being much more active 
than the gas. 

Action on Metals. — Many metals are attacked by 
hydrochlbrfc acid, some readily by the dilute acid, others 
only l5y the hot concentrated acid. In all cases the pro- 
ducts are a chloride of the me f al and hydrogen. The 
following table gives a resume of the action of the acid on 
a number of common metals under different conditions. 


Metal. 

Cold dilute HC1. 

Hot cone. PCI. 

Zinc 

Dissolves readily 

Dissolves readily 

Magnesium 

M II * 

ii n 

Iron 

ii ii 

n ii 

Aluminium 

,, rather slowly 

ii ii 

Tin 

,, slowly 

»» ii 

SET 

I asoluble* * 

«t * 

„ slowly 
,, very slowly 


m 

I usoluble 


ii 

»i 


1 1 

i» 

Platinum 

ii 

1 1 


* Copper is slowly attacked by dilute hydrochloric acid in the 
presence of air ; the same remark applies to lead. 
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155. Chlorides. — The chlorides of the metals may be 
produced by the direct union of the metals with chlorine, 
or by the action of hydrochloric acid on the metals (in 
some cases) or on their oxides, hydroxides or carbonates. 
Zinc chloride, Zn(J] 2 , for instance, may be produced by any 
of these methods as shown in the following equations : — 

Zn + Cl 3 - ZnCl 2 . 

Zn +2 FIC1 - ZnCl 2 + H 2 . 

ZnO + 2 HC1 - ZnCl 2 + II 2 0. * 

Zn(OH) 0 + 2 FIC1 - ZnCl 2 + 2 1I 2 0. 

ZnC0 3 “ + 2 HC1 = ZnOJ 2 + H*0 + C0 2 . 

When a metal forms an insoluble chloride a special 
metliod of preparation is applicable, viz. the addition of a 
solution of a soluble chloride to a solution of soluble salt of 
the metal ; double decomposition takes place, the insoluble 
chloride being precipitated. Silver chloride is, for example, 
precipitated when a solution of silver nitrate,# A gNO # , is 
added to a solution of calcium chloride, CaCl 3 . • 

UaUl a + 2 AgN0 3 = Ca(N0 8 ) 3 + 2 AgCl. 

Calcium nitrate. Silver chloridat 

Most metallic chlorides are easily soluble in water ; the 
only insoluble ones are mercurous chloride (calomel), 
HgCl, Cuprous chloride, Cu 3 CJl 2 , lead chloride, PbCl 2 (which 
is sparingly soluble in cold water and readily in hot) and 
aurous chloride, AuCl, in addition to silver chloride already 
referred to. 

166. Action of Heat qn Hydrochloric Acid. — When 
a stiong solution of hydrochloric acid is distilled it at first 
loses hydrochloric acid much faster" than water, t. e. it 
becomes weaker. This goes on till the percentage of HC1 
is 20*24, when the liquid distils over unchanged in com- 
position. Similarly, if a solution containing less than 20*24 
per cent, of hydrochloric acid is distilled it loses water 
faster than HC1 till the percentage of HC1 is 20*24, when 
the liquid again distils unchanged. The boiling-point of 
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hydrochloric acid of this particular strength is 110* 0. It 
must be noted that the acid which distils unchanged only 
has the composition and boiling-point stated when the 
pressure is normal ; for any other pressure, the composition 
and boiling-point of the liquid which distils unchanged have 
different values, which, however, are constant for each 
particular pressure. 

167. Manufacture of Hydroohlorio Acid. — Hydrochloric 

acid ns manufactured in enormous quantities as a by- 
product in the conversion of common salt into salt-cake 
(sodium sulphate, Na 2 S0 4 ) by the action of strong sul- 
phuric acid. The first part of the process is performed 
at a gentle heat and the reaction is the same as that given 
in § 148. The mixture is then heated to a much higher 
temperature, when the acid sodium sulphate reacts with 
another molecule of sodium chloride, producing normal 
sodium sulphate and hydrochloric acid according to the 
equation — « 

, * + Na HS0 4 - Na s SO. + II Cl. 

And Modluir Normal Hoaium 
Bulpb&ta. sulphate. 

The gas is passed up stone towers filled with lumps of 
coke, over which a slow strain of water flows ; the hydro- 
chloric acid is absorbed, and the aqueous solution runs 
away from the bottom of the tower into suitable receivers. 

Impurities in the Commercial Acid. — The chief impuritios 
in commercial hydrochloric acid are ferric chloride, free 
chlorine, sulphuric acid, arsonlous chloride, and sulphurous 
acid. Tho ferric chloride is the principal cause of tho 
yellow colour usually noticeable in the commercial acid. 

168. Uses of Hydroohlorio Aoid. — The most im|>ortant 
use of hydrochloric acid is in the manufacture of chlorine. 
It is also used in dyeing and calico printing, in obtaining 
phosphates from bones, and in manufacturing colours. 
Its employment in the manufacture of metallic chlorides is 
also of importance, and it is very extensively used in 
chemical laboratories for a variety of purposes. 
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Hydrogen Bromide or Hydrobromic Acid, HBr. 

*159. Preparation. — Hydrogen bromide cannot conveni- 
ently be prepared from potassium or sodium bromide in the 
same way that hydrogen chloride is prepared from common 
salt, because some of the product undergoes a secondary 
reaction with sulphuric acid, reducing it to sulphurous acid 
with liberation of free bromine. 

(1) KBr + H 2 S0 4 - KHS0 4 + HBr. 

(2) 2 HBr + H 2 S0 4 = Br 2 + S0 2 + 2 lf 2 0. 

This reducing action is a result of the instability of 
hydrogen bromide, which readily splits up into free hydrogen 
and bromine, the nascent hydrogen so produced then 
attacking the sulphuric acid thus — 

2 HBr - 2 H + Br 2 . 

Nascent. 

2H + H 2 S0 4 - 2 H.O + S0 2 . 

These two equations when combined give elation (2) 
above. . • 

If, instead of sulphuric acid, an acid such as phosphoric 
acid, which is not so easily reduced, is employed, then the 
preparation can be carried on just as for hydrogen chloride. 

The best method of preparation is to drop bromine on to 
a mixture of amorphous phosphorus and water, when the 
following reactions take place : — 

P 4 + 16 H 2 0 + 10 Br 2 - 4 H a PO, + 20 HBr. 

Phosphoric acid. ITvdrojcen bromide. 

P 4 + 12 H s O + 6 Br* = 4 H a PO, + 12 HBr. 

rhoaphorous acid. 

The particular reaction which preponderates depends on 
the relative quantities of phosphorus and bromine used. 
It may be supposed that these reactiofts take place in two 
stages, phosphorus and bromine first uniting to form 
phosphorus pentabromide (PBr a ) and phosphorus tribromide 
(PBr g ), these compounds being immediately decomposed by 
water, thus — 

P 4 + 10 Br, - 4 PBr 5 . 

P 4 + 6 Br, - 4 PBr r 
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PBr 5 4- 4 lip H 8 P0 4 + 5 IIBr. 
PBr 8 + 3 11,0 H 8 P0 8 + 3 llBr. 


The experiment is carried out as follows : — 

A mixture of one part of amorphous phosphorus and 

ten parts of water 
is introduced into a 
flask provided with 
a dropping funnel 
and delivery tube, 
as shown in Fig. 45. 
Ten parts of brom- 
ine are introduced 
into the funnel, and 
are grad uaUy i run 
into the flask ; this 
is then gently 
warmed, and the 
hydrogen bromide 
is passed through a 
U-tubo containing 
lumps of amorphous 

phosphorus to remove bromine, ihe gas bring collected 
by downward displacement or over mercury. 
Like hydrogen chloride, it cannot be collected 
over water, owing to its great solubility. If 
an aqueous solution of the gas is requited, the 
delivery tube from the U-tube in Fig. 45 
should be connected with a wash-bottle and 
beaker of water as shown in Fig. 44. An 
even more convenient method of absorbing 
the gas (which cq,n bo used for any very 
soluble gas) is to connect the delivery tube from 
the U-tfibo with a funnel which reaches to 
just above H the surface of some water in a beaker as 




Fig, 46. 


# A variation of the method is to have the rim of the funnel just 
below the surface of the water. If the liquid “ sucks back ” its level 
in the beaker soon falls below the rim of the funnel, after which qq 
more liquid can leave the beaker. 
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shown in Fig. 46. The hydrogen bromide is absorbed 
as fast as it reaches the water, and practically none of 
it escapes. 

Another simple method of preparing a solution of the 
gas is to pass sulphuretted hydrogen into bromine water, 
when the following change takes place: — 

2 1T,S + 5 Br. 2 + 4 H 2 0 = 10 IIBr + 0 4 + S. 

The precipitate of sulphur is filtered off and the liquid 
distilled, when hydrobromic acid passes over and sulphuric 
acid remains behind. 

*160. Properties. — Hydrogen bromide is a heavy colour- 
loss gas which, like hydrogen chloride, fumes in moist air, 
and hfjs an irritating notion on the mucous membrane. As 
already stated it is very soluble in water, producing a 
strongly acid solution which is very similar in properties 
to hydrochloric acid. 

On distilling hydrobromic acid at normal pressure it 
loses either water or acid, according as the solttjpn con- 
tains less or more than 48*17 per cent, of IIBr. •The 
liquid of this composition distils over unchanged at 126° C. 
If the pressure is not normal there is a corresponding 
change in the composition and boiling-point of the liquid 
which distils unchanged. 

Hydrogen bromide is incombustible, and is a non- 
supporter of combustion. It is immediately attacked by 
chlorine with liberation of free bromine and formation of 
hydrogen chloride — m 

2 IIBr + Cl 2 - 2 HC1 + Br 2 . 

Potassium, on the other hapd, immediately liberates free 
hydrogen from hydrogen bromide, and forms potassium 
bromide — 

2 1 1 Hr + 2 K = 2 KBr + H 2 . 

* 161. Bromides. — The general methods of preparation 
of metallic bromides are similar to those given for metallic 
chlorides. Most metallic bromides are readily soluble in 
water ? the only common insoluble ones being silver bromide 
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(AgBr), mercurous bromide (HgBr), and lead bromide 
(PbBr 2 ), the last being sparingly soluble in cold water, 
but readily in hot water. 


Hydrogen Iodide or Hydriodtc Acid, III. 

# 162. Preparation. — Hydrogen iodide cannot be pre- 
pared by the action of sulphuric acid on potassium or sodium 
iodide for a reason similar to that given in the ease of 
hydrogen bromide ; hydrogen iodide is, in fact, much more 
unstable than hydrogen bromide, and the reaction goes 
almost entirely in accordance with the equation — 

3 H 2 S0 4 + 2 El = 2 KHS0 4 + SO, + 2 U 2 0 + I 2 . 

If phosphoric acid is UBed, however, instead of sulphuric 
acid, hydrogen iodide is obtained free from iodine just as 
hydrogen bromide could be obtained free from bromine. 
Hydrogen iodide is best prepared by a method similar to 
that u§e4 for Ihydrogen bromide, namely, by the mutual 
interaction of phosphorus, iodine and water. The apparat us 
used is that shown in Fig 45 ; since iodine -is a .solid it 
cannot be run in from a stoppered funnel as bromine is ; 
instead, the iodine and amorphous phosphorus are m.xed 
in the flask, and water iB slowly run in from the funnel. 
Hydrogen iodide is evolved without heating, and, after 
passing through the U-tube containing amorphous phos- 
phorus which removes iodine vapour, is collected by down- 
ward displacement or over mercury. When all the water 
has been added and the evofution of gas becomes slow the 
flask may be gently warmed. The reaction which takes 
place is thus represented — 

P 4 + 10 I 2 + 16 H 2 0 - 4 II 8 P0 4 + 20 HI. 

If an aqueous solution of the gas (called hydricdic acid) is 
required, the absorption may be carried out by one of the 
methods described for HBr, as HI is also very soluble in 
water. 

Another convenient method for tho preparation of 
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hydriodic acid is to pass sulphuretted hydrogen through 
water containing iodine in suspension, when the following 
change takes place : — 

SJI 2 4- I 2 = 2 HI + S. 


The hydriodic acid is separated fr^m the precipitate of 
sulphur by distillation. 

*163. Properties. — Hydrogen iodide is a very heavy 
colourless gas which, like the other halogen hydrides, fumes 
strongly in moist air and has a very irritating action on 
tiie mucous membrane. Its great solubility in water has 
already been referred to ; the aqueous solution has strongly 
acid properties just like the solution of the other halogen 
hydrides. The behaviour of the solution on distillation is 
exactly similar to that of hydrochloric acid and hydrobromic 
acid; the liquid which distils unchanged at normal 
pressure contains 5 7 m 7 per cent, of hydrogen iodide and 
boils at 127° C., but at other pressures the composition and 
boiling-point have different values. ' Hydrogen iodiQe is 
easily condensed to a liquid, a pressure of four atmospheres 
at 0° 0. sufficing to bring this about ; the liquid boils at 
- 34*1° 0. under normal pressure. Hydrogen iodide does 
not burn nor does it support combustion. As already 
pointed out, it is an unstable substance ; thus on exposing 
the gas fo sunlight it Blowly undergoes decomposition into 
its elements, and on heating it breaks up much more 
quickly. Also the aqueous solution gradually turns 
brown in sunlight owing to separation of free iodine. 
On account of its instability and consequent tendency to 
produce nascent hydrogen, »hydriodic acid is a powerful 
reducing agent, and is much used as such in organic 
chemistry; we have already had occasion to notice its 
reducing action on strong sulphuric acid. 

Hydrogen iodide, both in the gaseous state and in 
aqueous solution, is at once decomposed by chlorine or 
bromine with liberation of free iodine — 

Br„ + 2 HI « 2 IIBr + I f . 
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* 164. Iodides. — The iodides of the metals are produced 
by methods similar to those given for chlorides and brom- 
ides. The majority of the iodides dissolve easily in water, 
the chief insoluble ones being silver iodide ( Agl), mercurous 
iodide (Hgl), mercuric iodide (Hgl 2 ), cuprous iodide 
(Cu 2 I 2 ), and lead iodide (Pbl 2 ), the last being sparingly 
soluble in cold water and readily in hot. 

* 165. Tests for the Halogen Acids and their Salts. 

(V) A solution of silver nitrate, AgN0 3 , when added to a 
solution of a halogen acid or haloid salt, gives with 

Hydrochloric acid , a white curdy precipitate of silver 
chloride, AgCl, soluble in ammonia, insoluble in nitric 
acid. 

Hydrobromic acid , a pale yellow precipitate ofc silver 
bromide, AgBr, soluble in strong ammonia, insoluble in 
nitric acid. 

Hydriodic acid t a yellow precipitate of silver iodide, 
Agl, insoluble in ammonia and nitric acid. 

(2) Fr8e HC1, HBr, or HI, heated with manganese 
dioxide, or their salts, heated with manganese dioxide 
and sulphuric acid, evolve chlorine, bromine and iodine 
respectively, and these elements are easily recognised 
by their colour, smell and bleaching action. 

(3) Chlorine water (which must not be in excess) added 

to a bromide or iodide liberates bromine or iodine, and 
on shaking the liquid with carbon bisulphide, th & bromine 
imparts to it a red colour and the iodine a violet 
colour. * 


QUESTIONS. — CHAPTER XV. 

1. IIow would you prepare pure dry hydrogen chloride 1 

Describe experiments which illustrate the chief 
properties of the gas. 

2. State the changes which take place when very con- 

centrated and very dilute hydrochloric acid are 
respectively boiled for some time in an open vessel. 
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& On what evidence do we accept HC1 as expressing the 
composition of hydrochloric acid gas ? 

4 . Compare the properties of liquid hydrogen chloride 

with those of an aqueous solution of the gas. 

5. What is the action (if any) of (a) cold dilute, (6) hot 

strong hydrochloric acid on the following metals : 
(1) zinc, (2) aluminium, (3) gold, (4) lead, (5) copper, 
(6) tin? 

6. State briefly the general methods of preparing metallic 

chlorides, giving equations. * 

7. How is hydrochloric acid manufactured? What are 

the chief impurities in the commercial acid ? 

8. Enumerate the chief uses of hydrochloric acid. 

* 9. Describe in detail the laboratory method of preparing 
aji aqueous solution of hydrobromic acid. 

L 10 Describe a method of preparing gaseous hydriodic acid. 
In what respects do hydriodic acid and hydrochloric 
acid resemble each other, and in what respects do 
they differ ? 



CHAPTER XVI. 

NITROGEN — TH E ATMOSPHERE— AMMONIA. 

Nitrogen, N 2 . 

<* 

166. Nitrogen is the first member of a group of elements, 
nitrogen, phosphorus, arsenic, antimony and bismuth, which 
either in themselves or their compounds exhibit consider- 
able analogy to *>ne another. The first two members only 
are usually classed with the non-metals. 

The elements forming this group show a transition in 
physical properties as the atomic weight increases, nitrogen 
being gaseous at the ordinary temperature, whilst phos- 
phorus is solid but easily vaporised, the other members 
being more difficult to volatilise. 

Speaking more particularly with regard to nitrogen and 
phosphorus, it will be seen by a reference to the following 
pages that they resemble one another : — 

(1) In forming hydrides t>f similar composition NH 3 , 
PH 3 , both of which combine directly with haloid acids 
yielding the ammonium and phosphonium salts. 

(2) In forming a characteristic series of oxides Borne of 
which yield powerful acids. 

167. Occurrence. — Nitrogen occurs mixed with oxygen 
in the atmosphere, of which it forms nearly four-fifths the 
volume. 

Although it does not enter to any large extent into the 
composition of animal and vegetable tissues, it is, notwith- 
standing, a very constant and essential constituent of such 
• 206 
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tissues. The nitrogen of plants is obtained chiefly through 
the medium of the soil, in which small quantities of nitric 
acid, nitrates and ammonium salts always occur. Animals 
cannot assimilate nitrogen directly, and derive their supply 
from the plants. 

168. Preparation. — We have seen in Experiments 18 
and 19 that air may be deprived of its oxygen by means 
of iron or phosphorus. The most convenient method of 
bringing this about in practice is to pass air over heated 
copper contained in a hard glass tube. The nitrogen so 
obtained is not pure, for air contains a number of other 
inert gases, chiefly argon, in addition to nitrogen (see§ 179). 
The nest method of preparing pure nitrogen is to heat a 
solution of ammonium nitrite — 

N1I 4 N0 2 = N, + 2 H 2 0. 

In practice a mixture of ammonium chloride, NH 4 C1, 
and sodium nitrite, NaN0 2 , is used instead, of ammonium 
nitrite, since both NH 4 C1 and NaN0 2 are comrsoji salts, 
whereas NH 4 N0 2 is an unstable compound. We *may 
suppose that the NH 4 01 and NaN0 2 undergo double 
decomposition with formation of NH 4 N0 2 and NaCl, and 
that the ammonium nitrite is then decomposed according 
to the equation given above. 

Exp. 126. — Introduce about 15 grammes of sodium nitrite and 10 
grammes o'? ammonium chloride into a small flask, and add about 
100 C.c. of water. Fit the flask with a cork carrying a delivery 
tube. Warm gently and collect the nitrogen over water at the 
pneumatic trough. * 

If the nitrogen is required dry, it should be passed 
through a sulphuric acid wash-bottle and collected over 
mercury. * 

Another method of preparation is to heat ammonium 
bichromate (NH 4 ) 2 Cr 2 0 7 , 

(NH 4 ) 2 Cr 2 0 7 =* N 2 + Cr 2 0 8 + 4 II 2 0. 

Instead of ammonium bichromate, it is more convenient 
to use a mixture of ammonium chloride and potassium 
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bichromate, which serves the samo purpose. Nitrogen can 
also be obtained by the action of chlorine on a concentrated 
solution of ammonia, taking care to keep a large excess of 
ammonia present throughout the experiment, thus prevent- 
ing the formation of the explosive chloride of nitrogen — 

8 NH 3 + 3 Cl 2 = N 2 + G NII 4 C1. 

This reaction may be represented in two stages — 

2 NIL, + 3 Cl, = N 2 + 6 FIC1. 

6 NII 3 + 6 TIC1 = 6NH 4 C1. 

169. Properties of Nitrogen. — Nitrogen is a colourless, 
tasteless gas, which is unable to support life or combustion. 
Nitrogen does not combine with oxygen under ordinary 
conditions ; but it may be made to do so by means of an 
alternating current of electricity, when nitrogen peroxide 
is formed. It is somewhat lighter than air, and condenses 
to the liquid form at - 193° C. ; it is slightly soluble in 
water, less so than oxygen (see § 107). 

The chi'if characteristic of nitrogen is its inertness, but 
at the same time there are soma elements with which it 
readily combines directly, e. g. magnesium, boron, titanium 
and tungsten; the last two do not require heating if they 
are in a finely-divided state. Nitrogen also combines 
directly with barium, strontium, lithium, aluminium, 
silicon, carbon and hydrogen. 

170. The Atmosphere. — The gaseous envelope which 
surrounds the earth is chiefly composed of nitrogen and 
oxygen. With these are associated argon, water vapour, 
carbon dioxide, ammonia, and other gases, the amounts of 
which vary according to circumstances. From whatever 
locality the air has been obtained, the relative proportions 
of nitrogen and o^rgen exhibit only slight variations, as 
the following results show : — 

Percentage of Oxygen by Volume . 

72 analyses in different parts of Europe (mean) 20*95 
17 ,, „ the Polar Seas „ 20*90 

3 „ at elevation of 15,000 ft. or over „ 20*94. 



NITROGEN — THE ATMOSPHERE — AMMONIA. 


205 


171. Deter- 
mination of the 
Composition of 
the Atmosphere 
by Volume. — A 
rougli method of 
determining the 
volumetric com- 
position of the 
atmosphere has 
already been de- 
scribed in Exp. 
19. A better 
method is to 
explodlfa known 
volume of air 
with about twice 
its volume of 
hydrogen in a 
eudiometer ; two 
volumes of hydro- 
gen combine with 
one volume of 
oxygen to form 
water vapour, 
which condenses, 
and thus one- 
third the diminu- 
tion in volume 
represents the 
volume of oxygen 
present. This 
method is not 
quite accurate, 
because some of 
the nitrogen and 
oxygen combine 
to form nitrogen 
peroxide, which 
M. OHEM. 



Fig. 47 . 
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dissolves in the water produced with formation of nitric 
and nitrous acids. 

172. Determination of the Composition of the Atmo- 
sphere by Weight — This may be ascertained by passing 
the air over red-hot copper, with which the oxygen com- 
bines, as in the experiment just described. 

The air is previously freed from carbon dioxide and 
moisture by being passed over potash and concentrated 
sulphuric acid. The apparatus used is shown in Fig. 47 ; 
it consists essentially of a large glass globe, to which is 
attached a tube containing metallic copper, and heated in 
a furnace. The globe is first rendered vacuous by means 
of a good air pump, the stopcock is closed, and the globe 
carefully weighed. The tube containing the copper is then 
rendered vacuous, closed and weighed. The copper having 
been heated to redness, the s top-cock is opened sufficiently 
to allow a slow current of purified air to pass through the 
tube and into the glass globe. On the way, it is deprived 
of its <wfygen, and if the experiment has been carefully 
conducted, only nitrogen and argon pass into the globe. 
After the apparatus lias quite cooled, the globe is again 
weighed, and the increment gives the weight of the nitrogen 
and argon. The tube is also weighed again, and the increase 
there shows the weight of the oxygen , together with a little 
nitrogen and argon which remain in the tube. On ex- 
hausting and weighing again, the decrease in weight is 
added to the increase in weight of the globe to obtain 
the total nitrogen and argoi*. The oxygen is given by the 
difference of the two weighings of the exhausted tube. 

A series of such determinations gave the composition by 
weight of air as — « 

Nitrogen an3 argon ... ... ... 76*995 

Oxygen 23*005. 

173. Water Vapour in Air. — The amount of water 
vapour varies with the temperature and the degree of 
saturation of the air, for the higher the temperature of the 
air, the more moisture will it take up before it is saturated. 
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The average amount is somewhat under 1 per cent, by 
volume, but in warm, moist climates may approach 4 per 
cent. It may be measured by observations on the dew- 
point (see text-books on physics), or by passing a known 
volume of air over calcium chloride contained in U -tubes, 
and noting the increase in weight of the tubes. 

The amount of water vapour which the air can contain 
may be estimated by the fact that 1 cubic mile of air 
saturated at 35° would deposit, if cooled to 0°, 140^000 
tons of rain. But while the air is seldom completely 
saturated, it never contains less than ^ of the possible 
amount. 

174. Carbon Dioxide in Air. — The amount of this gas in 
air varies considerably, according to the locality from which 
the sample of air is taken. In country air there are from 
three to four volumes of C0. 2 in 10,000, but in towns the 
amount is larger, and may reach seven or eight volumes. 
In badly-ventilated dwellings even tenfold tli# normal 
amount of carbon dioxide may occur. The determination 
of carbon dioxide is a matter of importance, especially in 
the case of indoor air, since it serves to show the efficiency 
of ventilation. 

The presence of carbon dioxide in air may be shown by 
exposing lime-water in a shallow^ dish ; the limo-water is 
soon covered witli a thin pellicle, owing to the formation 
of calcium carbonate or chalk, which is insoluble in water — 

Ca(OH) 2 + C0 2 =* CaCO s + H 2 0. 

Calcium hydroxide. Calcium carbonate. 

Baryta water may, by Pettenkofer’s method, be used as 
a means of determining the amount of carbon dioxide in 
air. A known volume of a solution of* baryta (which is 
alkaline) of known strength is shaken up with a measured 
quantity of air, say 10 litres; part of the baryta is con- 
verted into barium carbonate (a neutral body), whilst part 
remains unaltered. The amount of alkali (the baryta) is 
now smaller by reason of the conversion of part of it into 
carbonate by the carbon dioxide. The more carbon dioxide 
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is present, the greater will be the amount of baryta con- 
verted into barium carbonate, and the greater will be the 
difference between the amount of alkali originally taken 
and that remaining afterwards. By ascertaining the 
amount of oxalic acid required to neutralise a known 
volume of the original baryta water, and that required to 
neutralise the liquid which remains after partial neutralis- 
ation as already described, the quantity of carbon dioxide 
in the 10 litres of air may be ascertained. 

175. Other impurities in Air. — The remaining impurities, 
such as suspended dust and carbon, ammonia, sulphur 
compounds, hydrochloric acid and chlorides, occur in much 
smaller and more variable quantities. During thunder- 
storms oxides of. nitrogen are formed, and these give rise 
to nitrous and nitric acid ; ozone is also probably produced 
under such circumstances. The ammonia, carbon (soot), 
and sulphur compounds occur in larger quantity in the 
vicinity ^f towns, from the combustion of coal, or where 
decaviifg refuse is found. 

The hydrochloric acid and chlorides come, for the most 
part from manufacturing operations, though it is significant 
that, especially during high wind, the air in the neighbour 
hood of the sea contains much more sodium chloride than 
is usual. 

176. The relation of Animal and Plant Life to -Air.— By 
breathing on a cool glass surface, and by expelling air 
from the lungs through lime-jvater, it is easy to demonstrate 
that expired air contains large quantities of moisture and 
carbon dioxide. Indeed the expired air from man contains 
usually over 4 per cent, of garbon dioxide, that is, over 
one hundred times as much as normal air. 

The agencies at work in producing carbon dioxide are — 

(1) Respiration of animals and plants ; (2) Combustion of 
fuel ; (3) Decay of organic matter ; (4) Subterranoan causes. 

Faraday calculated that nearly five million tons of carbon 
dioxide were contributed daily to the atmosphere by these 
processes. Under such a contribution the air would slowly 
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get more and more charged with carlxm dioxide, and the 
percentage of oxygen would diminish. 

There are, however, processes constantly in operation 
which act in the opposite direction. 

(1) In the process of assimilation in plants, the green 
colouring matter (chlorophyll), in presence of direct or 
diffused sunlight, effects the decomposition of carbon 
dioxide and liberates oxygen. 

(2) Carbon dioxide being moderately soluble in water is 
carried down by rain, and is also taken up by surface 
waters and sea water. 

The precise extent to which the loss and gain counteract 
one another is difficult to estimate, but that plant life is an 
important factor is shown by actual observations on the 
living plant, and by the variations in the amount of carbon 
dioxide in air in the neighbourhood of forests in the 
daytime, when the foliage is exposed to the sun’s rays ; as 
compared with night, when assimilation is checked and 
only respiration goes on. • • 

• 

177. Is Air a compound or a mixture of Nitrogen and 
Oxygen? — We have seen that a chemical compound shows 
the following characters : — 

(1) It possesses a definite composition (see § 46). 

(2) The weights of the elements composing it are in 
proportion to the atomic weights, or in some simple multi- 
ple proportion of the atomic weights. This follows from 
the Atomic Thoory — see Chap. VII. 

(3) The compound shows (Its t motive physical and chemi- 
cal properties, the individual properties of the constituent 
elements being more or less completely concoaled (seo § 45). 

(4) When combination Takes place, heat is usually 

evolved. • 

(5) When gases combine to form a gaseous compound 
thore is generally a contraction in volume, thus — 

2 vols. of hydrogen -f- 1 vol. of oxygen form 2 vols. of 

water vapour. 

3 vols. of hydrogen + 1 vol. of nitrogen form 2 vols. of 

ammonia. 
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(6) The simple solution of a gas in water does not affect 
its chemical composition ; for instance, if we dissolve 
ammonia or carbon dioxide in water, and then, by boiling 
the solution, expel the gas again, it will be found to be 
unaltered in character or composition. 

Now let us apply these tests to air. 

(1) The composition of air varies very little under 
different circumstances, but even such small variations as 
are found in its composition do not occur in the case of 
chemical compounds. 

(2) If we divide the relative proportions by weight of 
nitrogen and oxygen in the air by the atomic weights of 
nitrogen and oxygen, we shall see whether any simple 
multiple relation is shown. Of the 76 995 per opnt. of 
nitrogen and argon present in air 0 - 93 7 per cent, is argon, 
so that the percentage of nitrogen is 76-995-0*937 — 76*058. 
We have therefore — 

Nitrogen = 5*433 ; 

14 

~ 23 005 . A 

° Xygen “151*6 ” 1 441j 
And 5-433 : 1 441 :: 3-77 : 1. 

That is, to be even approximately in agreement with the 
results of analysis we should have to assume a compound 
N 15 0 4 (3 77 : 1 =» 15*08 : 4). The same result** may be 
arrived at by considering the volume relations of nitrogen 
and oxygen in air. 

(3) , (4), and (5) Nitrogen and oxygen retain their 
characters with slight modification in air, and a mixture 
of the two gases in the proper proportions shows precisely 
the same characters in all respects as air. No heat is 
evolved when they are brought together, nor does any 
contraction in volume take place. 

(6) We have seen (§ 109) that when air is shaken up 
with water, a greater proportion of oxygen dissolves tlian 
nitrogen, owing to the greater degree of solubility of 
oxygen, so that whilst in the air originally taken, one 
volume of oxygen is associated with approximately four 
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volumes of nitrogen, air dissolved in water oonsists of one 
volume of oxygen associated with two volumes of nitrogen. 

On all these grounds, therefore, we must admit that air 
is simply a mixture of nitrogen and oxygen. 

The following additional reasons may be mentioned: — 

(7) The constituents of air can be partly separated by 
diffusion, for, owing to the difference in density of nitrogen 
and oxygen, they do not diffuse through a porous membrane 
at equal rates (see § 65) ; if the gases were combined the 
compound would diffuse as a whole. 

(8) When liquid air boils the nitrogen distils off before 
the oxygen and argon. 

(S) The refractive index of air is the mean of thos^ 
of oxygen and nitrogen ; in the case of compounds the 
valuers invariably found to be either above or below the 
mean of the values for the constituents. 

178. Fogs are caused by condensation of water vapour 
induced by dust. That dust is the cause ef fog # formation 
is proved by the fact that in filtered air fogs? cannot 
form. Analysis of the deposit left after a fog showed it to 
consist of carbon, hydrocarbons, sulphuric acid, iron and its 
oxides, and silica. During a fog, too, the amount of carbon 
dioxide increases enormously and reaches from three to five 
times the normal amount. 


Argon and its Companions. 

179. In the year 1894 Lord Rayleigh noticed that the 
density of nitrogen obtained from the air was about 
0*4 per cent, greater than that of nitrogen prepared by 
chemical methods, i The only explanation which could be 
offered was that air contained a small quantity of another 
inert gas in addition to nitrogen, and that this gas had 
a greater density than nitrogen. Ramsay took up the 
question and succeeded in isolating this gas ; he passed air 
freed from carbon dioxide and water vapour over red-hot 
copper which removed the oxygen, and then over red-hot 
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magnesium* which removed the nitrogen. The residue 
amounted to about 1 per cent, of the air used, and consisted 
of a very inert gas which Ramsay could not decompose or 
cause to combine with any known substance. He came to 
the conclusion that the new gas was an element , and on 
account of its inertness he called it argon . Argon has 
a molecular weight of 40 as determined from its density, 
and its molecule has been shown to contain one atom ; the 
atomic weight is therefore also 40. Argon liquefies at 
- 1#7° 0. and solidifies at - 189-5° C. 

More recently Ramsay has discovered several other new 
elementary gases in the atmosphere, namely, helium , neon , 
krypton and xenon . He fractionally distilled largo 
quantities of liquid air, and from the lowest boiling portions 
isolated two elements, helium and neon. FroTfh the 
portions boiling at a higher temperature than oxygen, 
nitrogen and argon, he isolated krypton and xenon. These 
elements are only present in exceedingly small quantities 
in the atrvosph^re ; they are all very inert like argon and 
have^nefc, up to the present, been induced to combine with 
any known substance. 

As in the case of argon, so with these other elements 
the molecule contains one atom. 

Helium has been found in some uranium ores and in 
certain springs as well as in the atmosphere. Helium is 
the most difficult of all gases to liquefy, its boiling-point 
being very near the absolute zero of temperature. Its 
atomic weight is 4. 

The atomic weights of neon, krypton and xenon are 
respectively 20, 81*75 and 128. 

Ammonia, NH a . 

180. Occurrence. — Ammonia or its compounds exist in 
small quantities in air and in natural waters, being pro- 
duced either from the nitrogen present in the air, or by 
the action of bacteria from refuse matters in the soil. 

* It has recently been found better to mix the magnesium with 
qaioklime. 
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181. Preparation. — Whenever animal or vegetable pro- 
ducts containing nitrogen are strongly heated in closed 
retorts (air being excluded), and especially when they are 
heated with lime or other alkalies, ammonia is given off. 

In this way large quantities of ammonia are obtained 
during the distillation of coal (which contains about 1 J per 
cent, of nitrogen), the coal gas being cooled and then 
washed, by which means any ammonia is separated and 
obtained in solution. The further distillation of the liquid 
so obtained with lime sets free the ammonia, which, if 
passed into aqueous hydrochloric acid, forms ammonium 
chloride or sal ammoniac — 

NH 8 + IfCl = NH 4 C1. 

^ Aimnonium chloride. 

In the laboratory ammonia is usually prepared by 
heating a mixture of ammonium chloride and slaked lime, 
Ca(OH) 2 — 

2 NH 4 01 + Ca(OII) 2 « CaCl 2 + 2 + 2,11,0. 

Exp. 127. — Weigh out about 10 grammes of ammonium chloryleand 
20 grammes of*dry slaked lime and grind them up in a mortar till they 
are in a state of a fine powder and intimately mixed. Introduce the 
mixture into a small dry round-bottomed flask, and connect this with 
a U-tuhe containing lumps of quicklime or caustic soda, os shown in 
Fig. 48. Now heat the flask gently when ammonia will be evolved, 
nrni after being dried by the lime or caustic soda in the U-tube may 
be collected by upward displacement, being much lighter than air. 
Ammonia can also he collected over mercury, but not over water in 
which it is very soluble. 

The ordinary drying agents for gases— sulphuric acid, calcium 
chloride and phosphorus pentoxiefo — cannot bo usod in the case of 
ammonia, since it combines readily with them. 

182. Properties — Ammonia is a colourless gas, having a 
very pungent hut not disagreeable odour if diluted with 
much air; in the pure condition it* is injurious when 
breathed in quantity. At - 34° 0. under ordinary pres- 
sure, and at 0° C. under a pressure of seven atmospheres, 
dry ammonia condenses to the liquid form (see below, Carres 
apparatus). 

Exp. 128. — Fill a litre flask by displacement with dry ammonia, and 
•how its solubility in the same way as already described (Exp, 118). 
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Water at 0* C. dissolves 1,050 times its volume of the 
gas, and at 15° C. 727 volumes. The aqueous solution is 
lighter than water, and in its most concentrated form has 
the specific gravity 0 884; it contains 36 per cent, by 
weight of the gas. The gas may be entirely expelled by 
boiling the solution. 



Ammonia neither burns readily in air nor supports com- 
bustion, but a mixture of warm ammonia and oxygen burns 
with a greenish-yellow flame. 

Exp. 129. — Gently warm a strong solution of ammonia in a wide- 
mouthed eight-ounce flask, and bubble oxygen gas through the solution 
at the same time. A mixture of ammonia and oxygen will pass out at 
the open mouth of the flask, and will burn when a light ia applied 
to it. 
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Metallic oxides which are reduced in hydrogen also 
undergo reduction when heated in ammonia gas ; the hydro- 
gen of the ammonia combines with the oxygen of the oxide 
to form water, and nitrogen is set free. 

183. Ammonium Salts. — Ammonia in presence of water 
is a strong alkali, and combines directly with acids to 
form ammonium salts ; this can be well shown with hydro- 
chloric acid gas. 

Exp. 130. — Fill two similar jars by displacement with ammonia 
and hydrochloric acid gas respectively, ana cover the mouth of each 
j« r with a glass plate. Now bring them mouth to mouth and with- 
draw the glass plates. The gases as they come into contact will 
combine, forming a fine white powder which remains for some time 
diffused throughout the jars. This body is ammonium chloride. 
NH 4 C1 — 

NH, + IIC1 = NH 4 C1. 

2 vola. 2 voIr, 


Ammonium sulphate, (NH^SC^, ammoniu3a % nitrate, 
NH 4 N0 8 , and other salts may be obtained by neutralising 
a solution of ammonia with the respective acids, and then 
evaporating to dryness on a water-bath. 

The ammonium salts all contain the group of atoms 
NH^ which in them plays the same part as an atom of a 
monovalent metal. NH 4 does not exist in the free state. 
Such a 'group of atoms, which enters into a series of com- 
pounds, is called a compound radicle . We have had an 
example of a compound radicle in the case of hydroxyl 
(OH). These two radicles combine together when ammonia 
gas dissolves in water, forming ammonium hydroxide, 
NH.OH. 

The ammonium Balts strongly resemble the salts of potas- 
sium and sodium but differ from them in one important 
respect, namely, their behaviour towards heat. We shall 
study this property at some length. 

When ammonium chloride is heated, it apparently sub- 
limes unchanged, the vapour condensing again to ammonium 
chloride. It has been shown, however, that the vapour 
is not that of ammonium chloride, but is a mixture 
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of ammonia and hydrochloric acid,* which recombine on 
cooling — 

NH 4 C1 - NH 8 + HC1. 

This dissociation is proved by measurement of the vapour 
density, and, more directly, by partially separating the two 
gases by diffusion. 

The ammonium salts of less volatile acids, e . g . sulphuric 
and phosphoric acids, are also dissociated by heat, but in 
this case the volatile ammonia comes off alone, leaving the 
acid behind — 

(NH 4 ) 2 S0 4 = 2 NH g + H 2 S0 4 . 

The ammonium salts of the oxyacids of nitrogen are not 
dissociated but decomposed by heat, giving either nitrogen 
and water, or nitrous oxide and water — 

NH 4 N0 2 - N, +2 H 2 0 
# NH 4 NO b = N a O + 2 Ftp. 

As already mentioned, ammonia combines directly with 
calciutn chloride, the compound being represented by the 
formula CaCl 2 * 8 Nil,. 

184. Liquefaction of Ammonia by Pressure. — If ammonia 
gas be generated in quantity, and the receiver into which 
it passes be a closed vessel much smaller than the volume 
of the gas generated, it will be compressed and ultimately 
condense by its own pressure to the liquid form. This is 
indeed the method of Faraday (see § 51), and a simple 
form of apparatus in which tnis principle is made use of is 
that of Carrd (Fig. 49). It consists essentially of a strong 
iron cylinder containing concentrated ammonia solution, as 
shown at A in the figure ; this communicates with a 
receiver B, of relatively small volume, by means of the 
tube 0. When A is surrounded by hot water, ammonia 
gas is given off freely and accumulates in the apparatus in 
such quantity that it condenses in the receiver B, which has 
been surround^ by cold water. 

* If however the ammonium chloride ia absolutely dry , it volatilises 
without dissociation. 
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If we now reverse the arrangement and surround A with 
cold water, the liquid ammonia will boil very rapidly and 
pass back as gas into A, and this rapid transformation of 
liquid into gas will bring about a considerable depression of 
temperature in B. This vessel is provided with a space D, 
into which water may be introduced and frozen. By various 
applications of this principle, liquid uatnonia is usel on a 
large scale for obtaining low temperatures. 



185. Composition of Ammonia. -The composition of 
ammonia may be determined by passing the gas through a 
rod hot tube containing copper oxide. The hydrogen is 
transformed into water, whidh may be collected and weighed 
in the manner already described (§ 95),«a,nd the volume of 
nitrogen which passes forward may also be ascertained — 

3 CuO + 2 NH g * 3 Cu + 3 H 2 0 + N a . 

The volume of hydrogen may be readily calculated from 
the weight of water obtained. 
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A second method depends on the fact that when electric 
sparks are passed througii gaseous ammonia it is slowly 
decomposed into its constituents. Dry ammonia is passed 
into a eudiometer over mercury, and its volume accurately 
measured. The sparks are then passed until no further 
increase in volume occurs ; the final volume will be found 
to be just double the original volume. If now excess of 
oxygen be passed into the eudiometer and the spark 
passed, the hydrogen will combine with it and form water, 
which condenses, leaving nitrogen and the excess of oxygen 
added, two-thirds the diminution being the volume of 
hydrogen. The volume of nitrogen is found by subtracting 
tho volume of hydrogen calculated from this diminution, 
from the volume of nitrogen plus hydrogen obtained after 
the first sparking. *'** 

Thus method is not very accurate owing to the fact that 
some of the nitrogen combines with oxygen, forming 
oxides of nitrogen. By the electrolysis of ammonia it may 
however shown that the volume of nitrogen it contains 
is one-third that of the hydrogen. The experiment is 
performed in the following manner. A saturated solution 
of common salt is prepared, and to this is added about one- 
tenth of its volume of strong ammonia. The solution is 
now introduced into a voltameter similar to that figured on 
page 193, but fitted with carbon electrodes and submitted to 
the action of the current from six Bunsen cells. IJitrogen 
collects in one tube and hydrogen in the other, and the 
volumes will be found to be in the proportion 1 : 3. 

One of the most convenient methods of proving the 
volumetric composition of ammonia depends upon the fact 
that chlorine is capable of removing the hydrogen from it 
with liberation of free nitrogeh, as we saw in § 168. A 
long glass tube closed at one end is divided into three 
equal parts by india-rubber bands. It is next filled with 
chlorine at the pneumatic trough by displacement of 
chlorine water, and when quite full the mouth is closed by a 
cork carrying a small dropping funnel ; this is done before 
the tube is removed from the trough so as to prevent any 
chlorine escaping. The tube is now placed in an upright 
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position and about 10 cubic centimetres of strong ammonia 
solution are introduced into the funnel. This solution is 
allowed to flow into the tube drop by drop : the first drop 
which enters reacts with the chlorine with 
formation of a yellowish-green flame, and as more 
ammonia enters dense clouds of ammonium chlor- 
ide are produced. When all the ammonia has 
been run in, a little dilute hydrochloric acid 
is introduced through the funnel to combine 
with the excess of ammonia. The gas which 
now remains in the tube is nitrogen under 
reduced pressure. In order to bring it to atmo- 
spheric pressure the funnel is filled with dilute 
hydrochloric acid; a tube bent twice at right 
angles, frith one long arm and one short arm, is 
also filled with dilute acid, and the short arm is 
attached to the funnel by rubber tubing, whilst 
the long arm is dipped into some more acid con- 
tained in a beaker (see Fig. 50). On now opening > Fig 
the tap hydrochloric acid is sucked into the n 
tube until the pressure is the same as that of the almo- 
sphere. It will then be found that the liquid reaches to 
the second india-rubber band, t. e. the nitrogen occupies 
one-third of the tube. Now hydrogen and chlorine unite 
in equal volumes to form hydrochloric acid, so that the 
volume of hydrogen extracted from ammonia by the 
chlorine in the tube would just fill the tube. This hydrogen 
was originally in combination with the nitrogen left in the 
tube, so that the relative volumes of hydrogen and nitrogen 
in ammonia are in the ratio 1 : 3. 

By combining with this result a knowledge of the 
density of ammonia we cetn completely prove its com- 
position. • 

Since the volumes of nitrogen and hydrogen which 
combine to form ammonia are in the ratio 1 : 3, it follows 
by Avogadro’s hypothesis that the number of molecules of 
nitrogen and hydrogen which combine are in the same ratio. 
But the molecules of these two elements each contain two 
atoms, and therefore — 
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Number of atoms of nitrogen in ammonia 1 
Number of atoms of hydrogen in ammonia 3 

The formula of ammonia is, therefore, NH a or N 2 H fl or 
N s H d , etc. 

Now the relative density of ammonia is 8*5 (H = l), and 
consequently its molecular weight is 8*5 x 2 — 17. 

Let us take first the simplest formula, viz. N1I 3 . Sinco 
atomic weight of N = 14 and atomic weight of H = 1 the 
molecular weight of NH 3 is 14 -fix 3 = 17. This agrees 
witlithe number obtained from the density, so that Nll 3 is 
the correct formula. 

186. Tests for Ammonia. — Ammonia may be recognised 
by its smell, action on litmus, arid by giving dense white 
fumes of ammonium chloride when brought in contact with 
hydrochloric acid gas. With Ncssler’s solution ammonia 
gives a characteristic brownish coloration or precipitate, 
according to the amount of ammonia present. 

All ammonium compounds give olf ammonia when 
treated „\vh th lime or caustic potash. 


QUESTIONS.- CHAPTER XVI. 

1. Describe a method by which nitiogcn may bo obtained 

from air by removal of oxygen. r 

2. Give two methods for the preparation of nitrogen from 

ammonia or ammonium salts. 

3. State the chief physietfl and chemical properties of 

nitrogen. 

4. Describe a method of determining the composition of 

the atmosphere by volume. 

5. How may the composition of the air by weight bo 

determined ? 

6. A mixture of 25 c.c. of air and 50 c.c. of hydrogen is 

exploded in a eudiometer, and the volume of the 
residual gas is found to be 60*3 c.c. ; find the 
percentage of oxygen in the air. 

7. The percentage composition of air by weight being 
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76*058 nitrogen, 0*937 argon and 23*005 oxygen, find 
the composition by volume. 

8. A litre of dry air is passed over heated copper and the 

increase in the weight of the copper found to be 0*297 
gramme : find the percentage by weight of oxygen in 
the air. (1 litro of air weighs 1*293 gramme.) 

9. How would you show that air contains carbon dioxide, 

and what means would you adopt for ascertaining the 
amount of carbon dioxide in air? 

10. How do the following impurities originate in ais : — 
carbon dioxide, sodium chloride, ammonia, sulphurous 
acid ? 

11 What agencies are at work which tend to remove such 
impurities as carbon dioxide and ammonia from the 
air ? 

12. In what respect does a mixture of two gases, such as 

nitrogen and oxygen, differ in its behaviour from a 
compound of the two gases when shaken up in contact 
with water ? . 

13. What indications are usually shown that £w# gases 

which you have brought together have entered *into 
combination ? 

14. What reasons are there for supposing that the nitrogen 

and oxygen in air are mixed, not chemically combined ? 

15. Write a short account of argon and the other elements 

recently discovered in the atmosphere. 

16. Give* a general method by which ammonia may be 

obtained from nitrogenous animal or vegetable 
substances, % 

17. IIow would you prepare and collect dry ammonia? 

18. How can it be shown that ammonia contains hydrogen? 

19. Explain what is meant by a compound radicle. 

20. What experiments would you make # to show that the 

composition of ammonia is rightly expressed by the 
formula ? 

21. Under what circumstances do nitrogen and hydrogen 

enter into combination, and under what circumstances 
is the compound so formed decomposed again without 
the intervention of chemical reagents ? 

M. CHEM. Q 



CHAPTER XVII. 

OXIDES AND OX Y ACIDS OF NITROGEN. 

187. In the following table is given a list of the oxides 
and oxy acids o* nitrogen : — 

Nitrous oxide, N 2 0. Ilyponitrous acid,lT 2 N 2 0 2 . 

Nitric oxide, NO. 

Nitrogen trioxide or Nitrous acid, HN0 2 . 

nitrous anhydride, N 2 0 3 . 

Nitrogen peroxide, N 2 0 4 . 

Nitrogen pentoxide or Nitric acid, HNO a . 

nitric anhydride, N 2 0 6 . 

Occurrence. — The higher oxides are formed in small 
quantity when the electric discharge takes place in a mix- 
ture of nitrogen and oxygen. These oxides, or nitrous 
and nitric acid formed from them, therefore occur in the 
atmosphere and in rain watqr; waters contaminated by 
the drainage of surface soil, or by decaying nitrogenous 
organic matter, aWo contain similar products. In all such 
cases, owing to the difficulty of bringing about direct com- 
bination of nitrogen and oxygen, they are present in very 
minute quantities. Nitric acid or the nitrates being in 
all cases the source from which the oxides of nitrogen are 
derived, we shall treat these first. 

326 
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Nitrto Acid, HN0 3 . 

188. Preparation. — Nitric acid, being a volatile acid, is 
expelled from nitrates by the action of less volatile acids, 
such as concentrated sulphuric acid (or silica), and this 
reaction is made use of in its preparation, nitrate of potash 
or soda being usually employed. 

• 

Exp. 131. — Introduce 20 grammes of potassium nitrate into a 
stoppered retort, and as much concentrated sulphuric acid as will 
just cover it. Apply a moderate heat, and presently the vapour of 
nitrio acid will pass over and condense in the neck of the retort. 
The liquid may be collected in a small tlask slipped over the mouth 
of the retort, and kept cool by means of a stream of cold water or a 
wet cloth. When about 10 c.c. have been distilled over, or so soon 
as whitish fumes of sulphuric acid begin to appear, the experiment 
should be stopped — 

IvNOj, + H a S0 4 = KIIS0 4 + HNO*. 

189. Properties of the Acid. — The pure acid is a*colour- 
less, fuming liquid, of specific gravity 1*53, boiling at 86° C. 
with partial decomposition into nitrogen peroxide, oxygen 
and water. It is highly corrosive, and by contact instantly 
stains the skin yellow, more prolonged exposure giving rise 
to serious wounds. Dry straw and woody fibre are charred 
or even set fire to by contact with it. It mixes with water 
in all proportions, and if the dilute solution be concentrated 
in air at atmospheric pressure it becomes stronger until 68 
per cent, of acid is present ; it then distils unchanged at 
120*5° 0. under normal pressure. Similarly, on distilling 
an acid stronger than this, it # gradually becomes weaker till 
it contains 68 per cent, of HNO g , when it passes over un- 
changed If the pressure is not normal the composition 
and boiling-point of the acid which distils uncharged have 
different values, as in the case of the halogen acids. 

» As already stated, pure nitric acid decomposes to some 
extent at its boiling-point ; at higher temperatures this 
decomposition takes place very readily, as may be illustrated 
by the following experiment : — 
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Exp. 132. —Support a clay pipe in the position shown in the dia- 
gram by means of a 
retort-stand and clamp 
(not Bliown). Heat 
the tube strongly at a 
spot about 0 inches 
from the bowl by 
means of a Bunsen 
burner, and then pour 
about 5 c.c. of strong 
nitric acid into the 
bowl. On reaching 
the heated part, de- 
composition takes 
Fig. 51. place, and the weight 

of acid above pushes 

the gaseous products out through the stem of the pine. The oxygen 
may be collected over water ; the nitrogen peroxide being soluble 
goes into solution. 

The equation representing the decomposition of nitric 
acid on heating is — 

. * 4*1IN0 3 - 2 H.,0 + 4 NOj + 0*. 

& 

On account of the large percentage of oxygen which 
nitric acid contains (76 per cent.), and of the ease with 
which it parts with some of this oxygen, we should expect 
it to possess strong oxidising properties, and such is the 
case. Thus it readily transforms 0, S, P and I into C0 2 » 
H 2 S0 4 , IJ s P 0 4 and HI0 8 respectively, whilst turpentine 
when mixed with it inflames. 

190. Action on Metals.— Most metals dissolve readily in 
nitric acid with evolution of red fumes, the nitrate of the 
metal, or in some cases the oxide, being formed. It is only 
rarely that free hydrogen is one of the products of the 
reaction. "We niRy suppose that the first action of nitric 
acid on a metal is to convert it into the nitrate with libera- 
tion of nascent hydrogen, but the latter is immediately 
oxidised to water by a further quantity of nitric acid. 
Thus, taking the case of copper which reduces dilute nitric 
acid chiefly to nitric oxide, the two stages may be thus 
represented — 
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(1) Cu + 2 HNO s = Cu(NO g ) 2 + 2 II. 

Nascent. 

(2) 3 H + IINOj - 2 H 2 0 + NO. 

Nascent. 

On combining the two equations we get for the whole 
reaction — 

3 Ou + 8 HNOg - 3 Cu (N0 3 ) 2 4-2 NO + 4 H 2 0. 

The reaction may, however, be explained in another way, 
namely, by supposing that nitric acid first converts •the 
metal into an oxide itself undergoing reduction, and then 
the oxide reacts with a further quantity of nitric acid, 
producing a nitrate of the metal and water — 

(1) . 3 Cu 4-2 HN0 3 = 3 CuO 4* H 2 0 + 2 NO. 

(2) CuO 4- 2 HNO a - Cu(NO b ) 2 <+ H a O. 

It is beyond the scope of this book to discuss the relative 
merits of these two explanations. 

The products of the reduction of nitric acid by metals 
may consist of any of the following substances : nitrogen 
peroxide, nitrous acid, nitric oxide, nitrous oxide, nitrogen 
and ammonia. 

The exact course of the reaction depends upon the 
following factors: — 

(11 The nature of the metal. 

(2) Tht strength of the acid. 

(3) The temperature. 

(4) The concentration of the products in solution. 

Thus we have seen that with moderately dilute acid 
copper forms chiefly nitric oxide ; with strong nitric acid, 
however, the main product ismitrogen peroxide — 

Cu + 4 HNO a - Cu(NO a ) a + 2 HjO + 2 N0 2 . 

Again, zinc with dilute nitric acid yields chiefly nitrous 
oxide, but with a somewhat stronger acid a large proportion 
of ammonia results — 


1) 4 Zn + 10 HNO s - 4 Zn(N0 8 ) a + 6 H 2 0 + N 2 0. 

2) 4 Zn + 9 UNO, - 4 Zn(NO t ) a 4- 3 H,0 4 Nil, 
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The ammonia produced combines with the excess of 
nitric acid to produce ammonium nitrate — 

NI1 3 + IiNOg - NI1 4 K0 8 . 

So that equation (2) is more correctly expressed — 

4 Zn + 10 1IN0 S - 4 Zn(N0 8 ) 2 + 3 1I 2 0 4- NU 4 N0 8 . 

The relative amount of reduction which nitric acid has 
undergone when the products nitrogen peroxide, nitrous 
acid, etc., are formed, can be well illustrated in the follow- 
ing manner, regarding nascent hydrogen as the reducing 
agent : — 

2 HN0 8 + 2 H - 2 H 2 0 + 2 N0 2 . 

2 HNO s 4- 4 H = 2 II 2 0 + 2 IT N O a . 

2 UNO, 4- 6H = 4 JI 2 O 4 2 NO. 

• 2 IIWO3 + 8H-5 lijO + N 2 0. 

. ‘ 2 UN 0 8 4* 10 II «= 6 H 2 0 + N 2 . 

2 HNO a 4- 16 H - 6 H a O 4- 2 NH a . 

It will be noticed that the number of atoms of hydrogen 
required to reduce two molecules of nitric acid successively 
increases from nitrogen peroxide to ammonia. 

The metals which do liberate free hydrogen from nitric 
acid are magnesium and manganese, the main products with 
the dilute acid being in both^cases ammonia and hydrogen. 
When a metal such as mercury is capable of forming two 
nitrates the lower one is produced when the metal is in 
excess, the higher when the ^cid is in excess. Tin with 
quite dilute acid ^ives stannous nitrate, hut with stronger 
acid it behaves in an unusual manner, being converted into 
stannic oxide, Sn0 2 — 

Sn 4- 4 HN0 8 - Su0 3 + 4 NO a + 2 H 2 0. 

Antimony is similarly oxidised to antimony pentoxide, 
Sb t O § . 
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191. The passive state. — Pure concentrated nitric acid 
does not attack iron, nickel or tin. 

It was formerly supposed that the acid covered them 
with a coating of a higher oxide of the metal, which 
prevented the further action of the acid, rendering the 
metals “passive.” Recently it has been suggested that 
the cause of the phenomenon is an electrical one, but 
the true explanation is still a matter of doubt. 

192. Aqua Regia. — The so-called “ noble” metals, such 
as gold and platinum, are not acted upon by nitric acid 
of any strength, but readily dissolve in a mixture of hydro- 
chloric and nitric acids * which has for this reason been 
termed, aqua regia . 

The cause of the difference is that hydrochloric and 
nitric acids mutually interact setting free chlorine, which, 
especially in the nascent state, readily attacks gold and 
platinum — 

3 IIC1 + HN0 8 = NOC1 + Cl a +*2 

193. The Nitrates. — These salts may be looked upon as 
nitric acid in which the hydrogen of the acid is replaced 
by a metal, thus — 

HNO a KN0 8 NaNO a NH 4 N0 8 AgNO s . 

IlSb 8 } Pb(N °s)> Cu(NO s ) 2 Ca(NO a ) s Bu(NO,) 4 . 

They may be produced by the action of the acid on the 
metals or on their oxides, hycfroxides, or carbonates. 

Exp. 133. — To a few cubic centimetres of dilute nitric acid con- 
tained in a porcelain basin add •fragments of lead, and digest on a 
water-bath until the acid is saturated and no more of the metal 
will dissolve. Evaporate the clear liquid to flryness, when a white 
salt, nitrate of lead, remains. 

Exp. 134. — Dilute 5 c.o. of nitric acid with an equal bulk of water, 
and add a little litmus solution, which will become of a bright red 
colour. Now add ammonia solution little by little until the last 


* Aqua regia is usually made by mixing nitric acid with four tunes 
its volume of hydrochloric acid. 
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drop turns the litmus blue, and concentrate the liquid to a point 
at which, when a drop of it is allowed to cool on the end of a glass 
rod, it crystallises. On standing, crystals of ammonium nitrate will 
be obtained. 

All the nitrates are soluble in water : those of the alkali 
metals are the most stable, and those of the heavy metals 
the least stable. When strongly heated all undergo 
decomposition. 

Nitrates of the heavy metals evolve oxides of nitrogen 
(generally N0 2 ) and oxygen, leaving an oxide of the metal — 

2 Pb(NO g ) 2 - 2 PbO + 4 NO, + 0 2 . 

Nitrates of the alkali metals (K, Na) evolve oxygen, 
leaving a nitrite — 

2 KN0 8 « 2 KN0 2 + 0 2 . 

Ammonium nitrate decomposes in an exceptional way, 
forming nitrous oxide and water — 

4 NH 4 NO a - N 2 0 + 2 1I 2 0. 

* 

Nitrates when heated naturally exert a powerful oxidising 
action on substances which may be mixed with them. 

Exp. 185. — H«at a few grammes of potassium nitrate in a test-tube 
until it fuses, and then drop into it one or two fragments of dry 
charcoal. The charcoal will ignite and burn with violence, being 
oxidised by the nitrate to CO a . , 

Exp. 186. — Repeat the experiment, introducing a few small shavings 
of lead ; the lead will be oxidised at the expense of the nitrate and 
transformed into a yellowish powder, oxide of lead. 

194. Tests for Nitrates. — (1) Nitrates when heated with 
sulphuric acid or silica give .off nitric acid fumes, often 
accompanied by re£ fumes of nitrogeu peroxide. 

(2) Mix a solution of a nitrate with strong sulphuric acid, 
and add copper turnings; on warming red fumes will be 
given off. r 

(3) (The most sensitive test). Mix a cold solution of a 
nitrate with a cold strong solution of ferrous sulphate, 
and pour gently down the side of the tube strong sulphuric 
acid : the latter sinks to the bottom, and a dark ring forms 
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above it. The sulphuric acid liberates nitric acid from the 
nitrate, and the ferrous sulphate reduces the nitric acid to 
nitric oxide, which combines with more ferrous sulphate 
to form the dark-coloured solution. 

195. Uses of Nitric Acid. — Nitric acid is largely used in 
the manufacture of a number of important substances such 
as sulphuric acid, nitroglycerine, guncotton, colours, and 
nitrates. Among the last may bo mentioned silver nitrate, 
which is used in photography, strontium and barium nitrates, 
which are used in pyrotechny, and lead nitrate which is 
employed in calico-printing. Nitric acid is also used in 
Grove’s and Bunsen’s electric batteries. 

Nitrous Acid, HN0 2 . 

196. This acid is only known in dilute aqueous solution. 
It may be prepared by adding a strong acid such as hydro- 
chloric acid to a solution of a nitrite, e.g. potassium nitrite, 
KN0 2 — 

KN0 2 -f HOI - KC1 4- 1IN0 2 . 

The aqueous solution gradually decomposes at ordinary 
temperature, and more rapidly on warming, according to 
the equation — 

• 3 1IN0 3 - HN0 8 + 2 NO + 11*0. 

Nitrous acid is capable of acting both as a reducing 
agent and as an oxidising a£ent ; as the former towards 
substances which readily give up oxygen, and as the latter 
towards those which readily take up oxygen. Thus it is 
rapidly converted into nitric acid by potassium perman- 
ganate, the lattor being reduced and dbcolorised. In the 
presence of dilute sulphuric acid the reaction which takes 
place may be thus represented — 

5 HNO a + 2 KMn0 4 + 4 H 2 S0 4 * 2 KHS0 4 + 

2 MnS0 4 + 5 HNO g + 3 II 2 0. 

On the other hand, nitrous acid liberates free iodine from 
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potassium iodide. We may suppose that free hydriodic acid 
is first formed by double decomposition, and that this is then 
oxidised by the excess of nitrous acid — 

KI + HNO a =» KN0 2 + III. 

2 HI + 2 HNO a - 2 II 2 0 + 2 NO + I*. 

197. Nitrites. — The nitrites of the alkali metals may be 
formed — 

(1) By heating the corresponding nitrates, e. g . — 

2 NaN0 8 - 2 NaNO a + O a . 

If the nitrate is heated with certain metals, such as lead, 
the decomposition is brought about more readily, the metal 
taking up the oxygen — 

NaN0 8 + Pb - NaNOg + PbO. 

Sodium nitrata. Lead. Sodium uitnte. Lead oxide. 

(2) Bycthe fitetion of nitrogen peroxide on the caustic 
alkalies! In this case nitrates are formed simultaneously — 

2 NO a + 2 KOII = OTOg + KNO a + H a O. 

Potassium Potassium 
nitrate. nitnte. 

All nitrites are soluble in water, but silver nitrite, 
AgNOj, is only sparingly soluble, and is formed as a white 
precipitate when a strong solution of silver nitrate Is mixed 
with a strong solution of sodium nitrite. 

« 

198. Tests for Nitrites. — (1) The evolution of red fumes 

(nitrogen peroxide) when the salt is treatod with sulphuric 
acid. • 

(2) The' formation of a dark ring at the surface of con- 
tact when a solution of ferrous sulphate is poured upon a 
solution of a nitrite, to which dilute sulphuric acid has been 
added (in some cases the addition of acid is unnecessary). 

(3) The liberation of iodine from potassium iodide on the 
addition of an acid, e. g. sulphuric acid, and the decoloris- 
ation of potassium permanganate solution in presence of 
acetic acid. 
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Nitrogen Pentoxide, N 2 0 6 . 

199. This is a white crystalline solid obtained by the 
action of a powerful dehydrating agent, such as phosphorus 
pentoxide, on nitric acid. The acid is introduced into a 
retort and well cooled by means of a freezing mixture. A 
quantity of phosphorus pentoxide equivalent to the acid 
used is gradually added, and on now gently warming the 
mixture nitrogen pentoxide distils over and is collected in 
a cooled receiver — 

2 HN0 8 + P 2 0 6 - 2 HP0 8 + N 2 0 6 . 

A second method of preparation is to pass dry chlorine 
over dry silver nitrate — 

4 AgNO s + 2 Cl 2 - 2 N 2 0 5 + 4 AgOl + O*. 

Nitrogen pentoxide enters into combination with water 
with great energy, reproducing nitric acid; it is therefore 
the anhydride of this acid. It is an unstable bod^ and 
undergoes decomposition with explosive violence when 
heated. 


Nitrogen Tetroxide or Peroxide, N 2 0 4 or NO a . 

200. Preparation. — Nitrogen peroxide is formed on the 
direct combination of nitric oxide, NO, with oxygen — 

2 NO + 0 # 2 - N 2 0 4 . 

It may also be prepared by beating lead nitrate — 

2 Pb(N0 8 ) 2 * 2 PbO + 2 N/) 4 + 0 2 . 

Exp. 137. — Introduce 10 grammes of finely-powdered lead nitrate 
into a retort of “hard” glass (see Fig. 52) connected with a U-tube 
surrounded by a freezing mixture (pounded ice or snow and salt) and 
heat strongly. Red fumes are given off and condense in the U-tube 
to a colourless liquid, N t O«. Remove the freezing mixture and note 
that as the temperature rises the liquid darkens in colour, and 
si culinary temperatures is orange yellow. 
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Nitrogen peroxide is also formed to some extent when 
electric sparks are passed through a mixture of nitrogen 
and oxygen — 

N 2 + 2 0 3 - 2NO a , 

201. Properties. — The liquid obtained as in the experi- 
ment just described passes, on strongly cooling, into a 
colourless solid, melting at — 10°C. If, on the other hand, 
its temperature is further raised it continues to get darkor, 
and at 22° C. boils, giving off a reddish-brown vapour; the 



perature till it becomes almost black. This change in 
colour is accompanied by a corresponding change in com- 
position. Thus at low temperatures (-10° C.) nitrogen 
peroxide has the composition N 2 0., and at 140° it has 
completely dissociated into N0 2 molecules, whilst at inter- 
mediate temperatures some of the molecules are 
others are NO*. That this is the true explanation is 
proved by the changes in density which the gas undergoes 
with rise of temperature. 
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In the following table the values of the relative density 
(H =* 1) are given for several different temperatures, and 
also the corresponding molecular weights. 


Temperature. 

Relative density. 

Molecular weight. 

26-7* 

38 3 

70 6 

60-2° 

30*1 

60*2 

100 -l* 

24*3 

48*6 

135 -Q* 

23 '1 

46*2 

140 0° 

23*0 

48 0 


Now the molecular weight of N 2 0 4 is 92, and that of 
N0 2 is 46, from which it follows that at l40°C. the dissoci- 
ation into N0 2 molecules is complete, but at 26*7° C. the 
greater part of the gas consists of N 2 0 4 molecules. By 
means of the lowering of freezing-point method of deter- 
mining molecular weights, it has further been shown that 
at low temperatures nitrogen peroxide is composed of N 2 0 4 
molecules. # 

Nitrogen peroxide is not a supporter of combustion 
in the ordinary sense, t. e. it extinguishes a lighted *taper, 
but substances which burn in oxygen and give out 
sufficient heat to decompose the nitrogen peroxide will also 
burn in the latter. Thus brightly burning phosphorus 
continues to bum in the gas with a dazzling light. 
Nitrogen peroxide is decomposed by water, the exact course 
of the reaction depending on the conditions. Thus with a 
small quantity of cold water, nitric and nitrous acids are 
produced — # 

H a 0 + 2N0 2 - HN0 3 + I1N0 2 , 

Nitric acid. Nitrous acid 

but with hot water the reaction proceeds thus — 

IC 2 0 4- 3 N0 2 =* 2 HNO, + NO. 

This is what we might expect when we remomber the 
ease with which nitrous acid decomposes into nitric acid 
and nitric oxide. During the solution of nitrogen peroxide 
in water the liquid passes through a series of colour 
changes — blue, green and orange. This is supposed to be 
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due to the gradual solution of the nitrogen peroxide in the 
nitric acid formed. Of course, in the presence of sufficient 
water all the nitrogen peroxide is decomposed and the 
solution becomes colourless. 

The gas attacks many metals, such as mercury, copper 
and iron. It is very poisonous. 


Nitrogen Trioxide, N 2 0 8 . 

202. This oxide is obtained as a deep-blue liquid by 
passing nitric oxide into nitrogen peroxide, the temperature 
not being allowed to rise above - 21° C. 

NO + N0 2 - N 2 0 8 . 

Nitrogen trioxide is very unstable, and even at - 20° C. 
commences to decompose into nitrogen peroxide and nitric 
oxide — 

N 2 O a - NO 4* NO,. 

It cannot exist in the gaseous state. 

We saw in § 196 that nitrous acid is produced by the 
action of a strong acid on a nitrite. At the same time, 
however, brown fumes are evolved, consisting of a gas 
which corresponds in percentage composition to nitrogen 
trioxide (i. e. the anhydride of nitrous acid) but really 
consists of a mixture of nitric oxide and nitrogen peroxide — 

2 KN0 2 + H 2 S0 4 - K 2 S0 4 + NO + N0 2 + H 2 0. 

""n/o, 

The same mixture of oxides is obtained by the action of 
nitric acid on arsenious oxide, \s 2 O g — 

As a O # + 2 HNO s + 2H a O = 2 H 8 As0 4 + NO + NO/. 

Arsenic acid. 

N s O, 

If the brown fumes obtained by either of these processes 
are cooled down to - 21° C. combination takes place with 
formation of nitrogen trioxide. 
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Nitric Oxide, NO. 

203. Preparation. — Nitric oxide is usually prepared by 
the action of moderately dilute nitric acid on copper. The 
reaction, which we have already discussed under Nitric 
Acid, is — 

3 Cu + 8 HNO s - 3 Cu(NOg) 2 + 4 II 2 0 + 2 NO. 

Exp. 138.— Introduce a few grammes of copper turnings into an 
8-ounce flask provided with a thistle funnel and delivery tube, and add 
about 50 c.c. of a mixture of equal parts of nitric acid and water. In 
a few moments gas begins to be evolved without the application of 
heat,, and red fumes appear in the flask. 

These red fumes are formed by the action of the nitric oxide on the 
oxygen contained in the flask ; after a time the colour disappears as 
they are displaced, and the gas may then be collected over water at 
the pneumatic trough. 

The gas so produced is not pure ; it may contain other 
reduction products of nitric acid, such as nitrAi^ oxide. 
The best method of preparing pure nitric oxide is to Varm 
a solution of ‘ferrous sulphate and potassium nitrate, acidi 
fied with dilute sulphuric acid — 

6 FeS0 4 + 5 H 2 S0 4 + 2 KN0 8 = 3 Fo 2 (S0 4 ) 3 + 2 KHS0 4 

+ 4 H 2 0 + 2 NO. 

• 

204. Properties. — Nitric oxide is a colourless gas not 
very soluble in water, which dissolves about T l ^th of its 
volume of the gas under ordinary conditions. It is very 
difficult to liquefy, requiring a pressure of 104 atmospheres 
at - 1 1° 0. ; the liquid boils under normal pressure at 
- 93° O. 

Nitric oxide by mere admixture witlr oxygen combines 
with it, as we have seen, giving rise to red fumes of 
nitrogen peroxide — 

2 NO + 0 2 - 2 NO a . 

Exp. 139. — Expose a jar of the gas to air, and observe the red 
fumes. 
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Exp. 140 . — Pass oxygen little by little into a jar of the gas standing 
over water, allowing an interval to elapse between each addition. Rea 
fumes will be formed, and these will dissolve in the water, which 
gradually rises in the jar. If the gas is pure and the oxygen be added 
in the proper proportion, the water will rise so as to completely fill the 
jar. A dilute solution of nitrous acid is thus formed, and may be 
shown to liberate iodine from potassium iodide, or to decolorise 
permanganate of potash. 

Nitric oxide is the most stable of the oxides of nitrogen, 
and is only decomposed at a red heat (600° C.). It does not 
support combustion except when sufficient heat is evolved 
to decompose it, the oxygen which is liberated being the 
actual supporter of the combustion. Thus a lighted taper. 
Durning sulphur and feebly burning phosphorus are 
extinguished by it, but fully ignited phosphorus continues 
to burn brightly. 

Exp. 141. — Try whether a lighted taper, burning sulphur and 
phosphorus when just lighted, will continue to born in the gas ; then 
try phosphorus ^hich has become fully ignited. 

Nitric oxide dissolves readily in a solution of ferrous 
sulphate, forming a brown compound (FeS0 4 ) 2 * NO. This is 
the compound forming the 41 brown ring” in the test for 
nitrates. On gently warming, this compound dissociates 
into ferrous sulphate and nitric oxide which is evolved in a 
pure state. 

205. Composition of Nitrio Oxide. — When iron is heated 
in nitric oxide it combines with the oxygen and sets free 
the nitrogen. The gas first expands by the heat, and the 
iron then burns forming triferric tetroxide, Fe a 0 4 . On the 
completion of the reaction ortly nitrogen remains, and this 
gas will be found to occupy half the volume of the original 
gas. Hence one molecule of nitric oxide contains one 
atom of nitrogen, and its formula may he expressed 
To determine the value of x we must ascertain the density 
of nitric oxide compared with hydrogen. It will be found 
to be 15, and since the hydrogen molecule, H 2 , weighs 2, 
the molecule of nitric oxide must weigh 15 x 2™ 30, t. e. 
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NjOa; *= 30. But Nj «■ 14 ; therefore O* = 30 - 14 = 16. 
Now the atomic weight of oxygon is 16, and therefore 
x = 1, i. e. the molecule of nitric oxide is represented by 
NO. 


Nitrous Oxide, N./). 

206. This gas is familiarly known as M laughing gas/' 
because when breathed in small quantity it produces a feel- 
ing of exhilaration. Inhaled in larger quantities it is an 
anaesthetic, and renders the subject insensible to pain. It 
is for this reason employed in dentistry. 

Preparation. — It has already been pointed out (§ 190) 
that when nitric acid (dilute) is acted upon by zinc, nitrous 
oxide is formed. It is more usual, however, to prepare it 
by heating ammonium nitrate, the decomposition being 
represented by the equation — 

NH.N() a = N.,0 4- 2 II., O. 

4 3 * • 

Exp. 142.™ Introduce about 30 grammes of dry ammonium*u4]tr:ite 
into a 4-ouuce ilask and heat gently — just so as to hi mg about a 
steady and not too rapid evolution of the gas. The delivery tube 
should be wider than usual, as tho salt is liable to be cairied over and 
to ston up the tubo ; also stop tho experiment when about two-thiids of 
the salt has been decomposed or an explosion may ensue. Cold water 
dissolves about its own volume of the gas ; it may, however, be 

collected over hot water. 

• 

207. Properties of Nitrous Oxide. — it is a colourless gas 
with an agreeable "odour and taste. It condenses at 15° C. 
under a pressure of 40 atmospheres to a liquid which boils 
at — 92° 0. under ordinary pressure. One hundred volumes 
of water dissolve 130 volumes of the gas at 0° O., 92 at 10° 
C., and 67 at 20° O. 

It is easily decomposed by boat, and siqtports combustion 
almost as readily as oxygen. 

Exp. 143. — Plunge a glowing taper into a jar of nitrous oxide, and it 
will burst into flame just as it does m oxygen. Sulphur and phosphorus 
also bum in the gas with almost as much vigour as in oxygen, though 
if only feebly ignited they may be extinguished. To distinguish it 
from oxygen, pass nitric oxide into the gas ; no red fumes will appear. 

If. CHEM. R 
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208, Composition of Nitrous Oxide. — The composition of 
the gas may be determined by the combustion of potassium 
in it and by an estimation of the density. The combustion 
experiment may be carried out in the apparatus shown in 

Fig. 53, the gas 
being confined over 
mercury. It will 
be found that when 
the residual gas 
has cooled down to 
the ordinary tem- 
perature there is 
no change in 
volume, showing 
that nitrous oxide 
contains its own 
volume of nitrogen. 
The formula must 
therefor^ be N 2 0^. Put the density is 22, corresponding 
to a molecular weight 44 ; therefore the weight of oxygon 
in a molecule of nitrous oxide is 44 -2.x 14 = 16. It 
follows that 1, and the formula is N 2 0. 

The composition may also be determined by exploding 
with excess of hydrogen in a eudiometer, when the reaction 
is — 

N 2 o + ir 2 = n 2 o + N 2 . 

The residual gas consists of nitrogen and excess of 
hydrogen ; the amount of the latter is estimated by ex- 
ploding with excess of ofygen when two-thirds of the 
diminution in volume represents the hydrogen present. 



Fro. 53. 
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QUESTIONS. — CHAPTER XVII. 

1. How do you account for the occurrence of oxides of 

nitrogen, and the oxyacids or salts of these, in the air 
and in the soil ] 

2. What is the effect of distilling (a) very dilute nitric 

acid, (b) pure nitric acid 1 

3. Describe an experiment by which oxygen gas can be 

obtained from nitric acid. 

4. Give striking experiments calculated to illustrate in 

regard to nitric acid, (a) its powerful oxidising action ; 
(b) its powerful solvent action. 

5. What explanations have been given of the action of 

dilute nitric acid on copper 1 

6. Compare the action of nitric acid of different strengths 

on the metals, zinc, copper and tin. Give equations. 

7. Explain what is meant by the passive state. 

8. What is aqua reyia , and on what does its special power 

as a solvent of metals depend] % « 

9. How would you prepare the nitrates of lead and 

potassium, and obtain them in the form of crystals] 

10. Give an account of the action of heat on metallic 

nitrates. 

11. Describe three tests which are characteristic of nitrates. 

12. What are the chief uses of nitric acid? 

13. What is the action of heat on a solution of nitrous 

acid ? 

14. Give examples (with equations) of (a) the oxidising 

action, ( b ) the reducing action of nitrous acid. 

15. By what chemical reactiops may nitrites be distinguished 

from nitrates 1 

16. What is Lbe action of chlorine on dr^ silver nitrate? 

1 7. How is nitric anhydride usually prepared, and what are 

its chief properties ? 

18. How is the tetroxido of nitrogen obtained? Discuss 

the action of heat on this substance. 

19. Under what conditions does nitrogen peroxide become 

a supporter of combustion ? 
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20. What is the action of water on nitrogen peroxide 1 

21. Under what conditions does nitrogen trioxide exist, 

and how is it prepared] 

22. How may pure nitric oxide be obtained J 

23. What are the properties of nitric oxide, and how may 

it be distinguished from nitrous oxide ] 

24. Demonstrate that the chemical formula of nitric oxide 

is NO. 

25. Give two methods for the preparation of nitrous oxide. 

26. State the physical properties of nitrous oxide, and say 

how you would distinguish by chemical tests nitrous 
oxide from oxygen. In what respects does it resemble 
oxygen I 



CHAPTER XVIII. 

SULPHUR. SULPHURETTED HYDROGEN. 

Sulphur. 

209. Occurrence. — Sulphur is one of thg comparatively 
few elements which occur in quantity in the uhcombined 
condition. In Europe it is found in the neighbourhood of 
active or extinct volcanoes in Italy, Sicily, Iceland, etc., 
being usually associated with mineral matter. In combin- 
ation with hydrogen it is found as sulphuretted hydrogen 
in certain mineral springs, and with metals os mineral 
sulphides, such as iron pyrites, FeS 3 ; galena, PbS ; zinc 
blende, * ZnS ; and cinnabar, HgS. Sulphates of lime 
(gypsum) and barium (heavy spar) also occur in some 
localities in considerable quantity, We see then that 
sulphur either free or in combination is widely distributed. 

210. Extraction. — Sulphur melts at 115° C., and in the 
molten condition can be run off from the earthy impurities 
and obtained in a state of moderate purity. The process 
is carried out as follows : — Impure native sulphur is stacked 
in a brick kiln on a sloping floor, vertical air spaces being left 
at intervals. The sulphur is lighted at the bottom ; a small 
quantity burns and the heat produced melts out the rest. 
The melted sulphur runs down the sloping floor and 
collects in a trough placed to receive it. 

*45 
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Sulphur boils at 440° C., giving off brownish-red vapours 
which readily condense again on cooling, and the further 
purification of the sulphur may bo effected by distillation 
in an iron retort, the vapours being passed into a brick 
chamber where they condense. (Fig. 54.) At the outset 
when the chamber is cool the product obtained is a fine 
powder, called “ flowers of sulphur,” for just as water 



Fio. 54. 

f 

vapour at temperatures below zero (the melting-point of 
ice) condenses in tile form of snow, so in the case of sulphur 
there is formed by rapid cooling finely-divided sulphur. 

When the temperature of the chamber rises above the 
melting-point of sulphur (115°0.), the product of the 
condensation is liquid sulphur, and this is run off into 
moulds where it is cast into sticks known familiarly as 
u brimstone.’* 
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211. Physical changes of Sulphur under the action of 
Heat. 

Exp. 144.. — Put about 30 grammes of sulphur in a wide test-tube, 
and heat it as evenly as possible in the flame of a Bunsen burner. At 
115° C. it will be seen to melt, and at a slightly higher temperature it 
forms a limpid liquid of a pale yellow colour. As it gets hotter the 
liquid grows more viscid and darker in colour, till at 250° C. it 
becomes almost solid and nearly black. Above 250° C. it again 
becomes more mobile, and at 440* C. it boils and gives off a brownish- 
red vapour. Pour some of the sulphur at about 350° C. in a thin 
stream into a beaker of water, and note the production of plastic 
sulphur. 

212. Allotropic modifications of Sulphur. — Sulphur 

exists in several forms which show marked differences in 
their physical properties. These may be classified ae 
follows : — 

(a) Crystalline forms : 

(1) Octahedral sulphur. 

(2) Prismatic sulphur. 

(b) Amorphous forms : 

(1) Plastic sulphur. 

(2) White amorphous sulphur. 

(3) Yellow amorphous sulphur. 

(c) Colloidal sulphur. 

Octahedral Sulphur. — Sulphur is found naturally in 
rhombic ‘octahedra (see Fig. 55), and it is 
in this form that it separates out from 
solvents, such as bisulphide^ of carbon, 
on slow evaporation. The specific gravity 
of rhombic sulphur is 2*045. 

Prismatic Sulphur. — Sulphur in this 
form is no longer rhombic, but monocliniS ; 
it is also of lower specific gravity, 1*93, and 
melts at 120° instead of 115°, and when left 
at the ordinary temperature for some time, breaks up and 
passes into the more stable rhombic form, as, indoed, all 
the modifications tend to do. It is soluble in carbon 
bisulphide. 
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Exp. 145. — Melt about 600 grammes of sulphur in a clay crucible, 
and allow it to cool until a crust forms at the surface ; the crust is 
then pierced and the still liquid portion poured out. Beneath the 
crust and on the sides of the crucible will be found long prismatic 
needles of sulphur. 

Plastic Sulphur. — As already stated, this form of sulphur 
is obtained by pouring sulphur at a temperature of 350° C. 
into cold water. Whilst in the crystalline form sulphur is 
brittle; in this condition, as the name implies, it can be 
moulded with the fingers, or drawn out into long flexible 
threads. Unlike the modifications previously described, it 
is insoluble in carbon disulphide : its specific gravity is 
1 ’95. On standing, it slowly hardens and passes into the 
ordinary form of sulphur. 

White Amorphous Sulphur. — When hydrochloric acid is 
added to a solution of a polysulphide, e. g. calcium poly 
sulphide or yellow ammonium sulphide, a white very finely- 
divided precipitate of amorphous sulphur is produced, 
called “ milk of sulphur.” This precipitate is insoluble in 
carbdn bisulphide. If sodium thiosulphate (Na 2 S 2 0 8 ) is 
used instead of a polysulphide, a similar white precipitate 
of sulphur is at firBt produced, but this gradually turns 
yellow, when it becomes soluble in carbon bisulphide (being 
converted into the crystalline rhombic variety) — 

Na 2 S 2 O a + 2 HOI - 2 NaCl + S + SO <2 + Ify). 

Exp. 146. — Make a moderate ly concentrated solution of sodium 
thiosulphate, or of an alkaline pqjysulphido (e. g. solution of yellow 
ammonium sulphide), and add a few drops of hydrochloric acid. 
The solution becomes turbid, and a white precipitate of “milk of 
sulphur” is produced. 

Note that in the case of the thiosulphate the precipitate gradually 
turns yellow. Now §uld some carbon bisulphide and shake up ; the 
yellow crystalline precipitate dissolves, leaving a white precipitate of 
unchanged amorphous sulphur. 

This variety of sulphur has a specific gravity T82. 

Yellow Amorphous Sulphur. — “Flowers of sulphur” 
obtained as already described consists chiefly of small 
crystals of octahedral sulphur, but also contains a small 
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percentage of an amorphous modification. The latter is 
insoluble in carbon bisulphide, and can therefore be obtained 
by treating flowers of sulphur with this liquid, when the 
octahedral sulphur dissolves, and the amorphous portion 
remains behind as a light yellow powder of specific gravity 
1*96. This form is also produced when sulphur dichloride 
(S a Cl 2 ) is decomposed by water — 

2 S 2 C1 2 + 3 11 2 0 - 4 HOI + 3S + If/) + S0 2 . 

Colloidal Sulphur is soluble in water and is obtained 
when solutions of sulphuretted hydrogen and sulphur 
dioxide are mixed — 

SO, +- 2 1I 2 S - 2 II ? 0 + 3 S. 

213. Proof that the Allotropic Modifications of Sulphur 
consist of the same Element. — On burning a known weight 
of any form of sulphur in oxygen and weighing the sulphur 
dioxide produced, it is found that in all cases th# ratio of 
the weight of sulphur dioxide formed to that of Sulphur 
burnt is 64 : 32, which agrees with the equation — 

S + 0 , - SO a . 

88 2 X ir» S‘2 4- 2 x 16 = 64 

This proves that each of the different forms consists wholly 
of the same element. The experiment may be carried out as 
follows : — A small fragment of sulphur (about 0 2 gramme) 
is weighed out accurately in a porcelain “ boat 19 (A, Fig. 56). 
This is introduced into a piece of hard glass tubing in the 
position shown in the diagram. A series of bulbs, B, con- 
taining strong caustic potas^ solution, are weighed together 
with a email calcium chloride tube C, and then attached to 
the end of the tube remote from the pdrcelain boat. The 
other end of the tube is connected with a supply of dry 
oxygen. The boat is now gently heated by means of a 
Bunsen burner, and a slow curreut of oxygen is passed 
through the tube. The sulphur burns forming sulphur 
dioxide, which is absorbed in the potash bulbs. Any 
moisture driven out of the bulbs by the current of gas is 
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absorbed by the calcium chloride in C, which, it will be 
remembered, was weighed along with the bulbs ; thus an 
error in the final weight of the bulbs due to loss of water 
vapour is avoided. When all the sulphur has disappeared, 
and no more absorption is observed to bo taking place in 
the bulbs, they are disconnected and re-weighed (along with 
the calcium chloride tube), after allowing them to cool. 
The increase in weight gives the weight of sulphur dioxide. 
If any sulphur vaporises and condenses in the cooler part 
of the tube this must be gently heated by a Bunsen burner 
till it becomes oxidised. 

214 Combination of Sulphur with other elements. — 
Sulphur combines with many elements when heated with 
them. Thus it burns in oxygen at about 400° C., and it 



B 

F to. 56. 


combines with carbon at a red heat, forming carbon 
disulphide, CS 2 , while chlorine and hydrogen passed into 
boiling sulphur give sulphur monochloride, SjCl^, and 
sulphuretted hydrogen respectively. 

Many metals combine witji sulphur when heated with 
it; for example, iron (see Exp. 04), silver, forming silver 
sulphide, A g 2 S, and copper, forming cuprous sulphide, Ou J3. 

Exp. 147. — Heat sulphur to the boiling-point and until the upper 
part of the tube is filldd with its vapour, and then plunge into it thin 
sheet copper, or Dutch metal ; the metal glows, and enters into 
combination with the sulphur to form sulphide of copper. 

215. Uses of Sulphur. — Sulphur is largely used in the 
arts for the production of matches, gunpowder, sulphuric 
acid, and as a source of sulphurous acid for bleaching 
wool, straw and silk. 



SULPHUR. SULPHURETTED HYDROGEN. 


251 


Sulphuretted Hydrogen, H 2 S. 

216. Occurrence. — Sulphuretted hydrogen occurs in soln 
tion in certain mineral waters (e. < 7 . those at Harrogate), 
and is formed during the putrefaction of animal and 
vegetable matters which contain sulphur. 

217. Preparation. — The gas is most conveniently pre- 
pared by the action of dilute sulphuric acid, or dilute 
hydrochloric acid on ferrous sulphide — 

FcS + H.,S 0 4 FcS () 4 -f ir„s. 

F'eS + 21 1 Cl = FcC1 2 + H 2 S. 

The best form of apparatus to use when a continuous 
supply of the gas is required is that shown in Fig. 57. The 
upper bottle con- 
tains the dilute 
acid, and the lower 
one the ferrous sul- 
phide in lumps 
about the size of a 
walnut. The two 
bottles are con- 
nected by rubber 
tubing, oil which is 
placed a clip, A. 

The mouth of the 
lower bottle is fitted 
with a cork, through 
which passes a de- 
livery tube provided 
with a stopcock, B, which is kept closed except when a 
supply of the gas is required. When this is the case the 
clip is loosened and a little acid allowed to run down on to 
the ferrous sulphide; the gas is led away by the delivery 
tube and passed through a wash-bottle containing a little 
water to remove impurities. To stop the supply of gas B 
is closed, and the ferrous sulphide bottle is raised so that 
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the acid in it flows back into the acid bottle. H 3 S cannot 
be collected over cold water as it is too soluble ; and owing 
to its offensive nature, and to the fact that it is only slightly 
heavier than air, it should not be collected by displacement 
of air; also mercury is inadmissible because it attacks 
the gas. Since, however, the solubility in water rapidly 
decreases with rise in temperature, hot water may be used. 

If only a small quantity of sulphuretted hydrogen is 
required, a Wolff > s bottle provided with a thistle funnel and 
delivery tube may replac e the apparatus above described. 

The gas obtained in this way always contains free hydro- 
gen on account of the iron present in the ferrous sulphide 
(which is prepared by heating iron and sulphur together). 
To obtain pure sulphuretted hydrogen, sulphide of antimony 
is heated in a flask with concent/rated hydrochloric acid — 

Sb 2 S 8 + 6 HOI - 2 SbClg + 3 H a S. 

Antimony chloride. 

The gas is p^sed through a wash-bottle containing water 
to remove hydrochloric acid, and may then be collected as 
before. If dry sulphuretted hydrogen is required, the gas, 
after washing, should be passed through a U-tube contain- 
ing calcium chloride to absorb the water vapour (sulphuric 
acid cannot be used because it reacts with the gas). 

Sulphuretted hydrogen is also produced when hydrogen 
and sulphur vapour are passed together through a red-hot 
tube. 

218. Properties. — Sulphuretted hydrogen is a colourless 
gas with a disagreeable odoflr, and is poisonous if inhaled 
in quantity. It is moderately soluble in water, which at 
0°C. and 7 60 mm. pressure dissolves 4*37 times its volume 
of the gas, and at 20°, 2 9 times its volume. The aqueous 
solution possessed the characteristic smell of the gas, and 
has a faintly acid reaction. Sulphuretted hydrogen burns 
with a blue flame, forming water vapour and sulphur 
dioxide in a free supply of oxygen or air, whilst in a limited 
supply of air free sulphur is formed — 

2 li 2 S + 3 0 2 = 2 H 2 0 + 2 S0 2 . 

2 IIjS + * 0 2 = 2 U a O + 2 S. 
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Exp. 148. — Prepare sulphuretted hydrogen by the action of dilute 
sulphurio acid on ferrous sulphide ; wash the gas by passing through a 
little water contained in a flask, and collect a cylinder over hot water. 
Apply a lighted taper to the mouth, and note that the gas burns with 
a pale blue flame, and that a gas (SO a ) is formed which has the 
suffocating odour of burning sulphur. There is usually a slight deposit 
of sulphur on the sideB of the vessel due to the cooling of the gas, and 
the difficulty of access of air in sufficient quantity to ensure complete 
combustion. 

If the taper be passed within the cylinder in which the gas is burn- 
ing, it will be extinguished, showing that sulphuretted hydrogen, 
like hydrogen, bums in air (or oxygen), but does not support the 
combustion of a taper. 

Whilst performing this experiment you will have noticed the 
obnoxious odour of the gas. 

Exp. 149. — Fit the generating apparatus with a tube about 20 
centimetres long, drawn out to a fine jet. The gas may be lighted at 
the jet when all the air is expelled, and the presence of water in the 
products of combustion may be shown by holding a cool glass vessel 
over the flame. Also, by depressing the lid of a porcelain crucible into 
the flame, a deposit of sulphur may be obtained. Now heat the tube 
some distance away from the orifice with a Bunsei^ burner or spirit- 
lamp, aud the gas will be decomposed by the heat, and deposit of 
Bulpnur will form & little beyond the point where the heat is .Applied. 
Finally, extinguish the flame, and allow the gas to impinge on a piece 
of filter-paper moistened with nitrate (or acetate) of lead ; a dark stain 
will be produced owing to the formation of sulphide of lead : by this 
test the presence of sulphuretted hydrogen may be detected even when 
present in very small quantities. 

We have seen in the experiment just performed that 
sulphuretted hydrogen is easily decomposed by heat. It 
is also very readily broken up by the action of metals, 
many of which act upon it ev^n at ordinary temperature ; 
the metal combines with the sulphur, and free hydrogen 
is liberated, i The tarnishing of silver when exposed to the 
air of towns is an example of this ; the air contains a small 
percentage of sulphuretted hydrogen produced during the 
combustion of coal, which usually contains a small quantity 
of iron pyrites (FeS 2 ) ; this H 2 S in the air attacks the 
silver, producing a layer of silver sulphide, which is black. 
On heating many metals in the gas the same change is 
brought about much more rapidly ; tin and cadmium, for 
instance, very readily bring about the complete decom- 
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position of a confined volume of the gas on the application 
of gentle heat — 

Sn + II 2 S = SnS + 11 2 . 

As might be expected from the ease with which the gas 
is decomposed with liberation of hydrogen, sulphuretted 
hydrogen belongs to the class of reducing agents. For 
example, it reduces sulphuric acid to sulphur dioxide, and 
ferric chloride to ferrous chloride, according to the 
equations — 

lip + H 2 S0 4 = S0 o + 2 11,0 + S. 

2 FeCl 3 4- H 2 S = 2 FeCl 2 + 2 1IG1 + S. 

Again, potassium permanganate and potassium bichromate 
in the presence of dilute sulphuric acid are reduced to 
manganous sulphate and chromic sulphate respectively — 

2 KMd 0 4 + 5 II., S + 4 IIoS0 4 = 2 KIIS0 4 + 2 MnS0 4 + 8 II 2 0 + 5 8. 

KjCraO, + 3 II a S + 5 U^SO* = 2 KI1S0 4 + Cr 2 fS0 4 ) 8 + 7 I1 2 0 + 3 S. 

• • 

In alUthese cases free sulphur is liberated. The action of 
the halogens on the gas has alx’eady been referred to in 
Chap. XIV. 

219. Sulphides. — The formation of the sulphides of the 
metals can conveniently be studied by experiment. 

Exp. 150. — Make a solution of sulphuretted hydrogen in 'water, and 
dip in it a blue litmus paper ; it will be slightly reddened, showing that 
sulphuretted hydrogen is a weak acid. By replacing the hydrogen of 
the acid by metals sulphides are produced. 

Pour a few c.c. of it into neutral solutions of copper sulphate, lead 
nitrate, nickel sulphate, zinc sulphate, calcium chloriae, sodium 
chloride. The following results will # be noticed 

With copper sulphat#, a black precipitate of cupric sulphide— 

CuS0 4 + HjS = CuS + H a S0 4 . 

Cupric sulphide. 

With lead nitrate, a black precipitate of lead sulphide — 

PMNO,), + HjS = PbS + 2 HNOj. 

Lead sulphide. 

of nickel sulphide— 

+ HjS0 4 . 

Nickel sulphide. 


With nickel sulphate, a black precipitate 
NiSOj + HJ 3 = NiS 
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With zinc sulphate, a white precipitate of zinc sulphide — 

ZnS0 4 + HjS = ZnS + 1I*S0 4 . 

Zinc sulphide. 

The aan^ effects are produced by passing H^S gas into solutions of 
the above salts. 

In the case of calcium chloride and sodium chloride there will be no 
precipitate, owing to the fact that the sulphides of calcium and sodium 
are readily soluble in water. 

Now add some hydrochloric acid to the tubps containing the pre- 
cipitates, and the sulphides of nickel and zinc will be found to dissolve, 
whilst those of copper and lead will remain. 

By such a method we may prepare many of the sulphides 
of the metals, and we shall find them divisible into the 
following classes — 

(1) Sulphides insoluble in water and dilute mineral acids. 

(2) Sulphides which are insoluble in water, but soluble 

in dilute mineral acids. 

(3) Sulphides which are soluble even in water. 

The precipitate may be separated by filtration from the 
solution which remains, and it is possible in this way to 
separate any member or members of one df the*e classes 
from those of another class. V 

Many of the sulphides may also be prepared by mixing 
the metal (preferably in a finely-divided condition or in 
filings) intimately with excess of powdered sulphur and 
heating in a porcelain crucible until the portion of sulphur 
over and above that which will enter into combination with 
the metal is volatilised. Access of air or of gases which 
may act upon the sulphide is to be avoided. 

When strong aqueous ammonia is saturated with 
sulphuretted hydrogen the pfbduct consists of a solution 
of ammonium sulphide (NH 4 ) 2 S, ammonium hydrogen sul- 
phide, NH 4 *1LS, and ammonium hydroxide ; this solution 
is known as “ ammonium sulphide.” On allowing it to 
stand in contact with the air it undergoes partial oxidation 
with formation of free sulphur, which then combines with 
more ammonium sulphide to form polysulphides of the 
general formula (NI1 4 ) 2 S Z , where x may be as high as 9. 
These polysulphides are yellow, and so the solution oi 
ammonium sulphide which is colourless at first gradually 
turns yellow and is then known as “ yellow ammonium 
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sulphide.” Yellow ammonium sulphide is largely employed 
as a reagent in qualitative analysis. 

220. Tests for Sulphides. — (1) Warm the substance with 
dilute sulphuric acid ; most sulphides are decomposed with 
the evolution of sulphuretted hydrogen, e . g . — 

PeS + H,S0 4 = PeS0 4 + H 2 S. 

Ferrous sulphide Ferrous aulpbate. 

The sulphuretted hydrogen may bo detected by its odour 
or by its action on paper moistened with a solution of 
acetate of lead, Pb(0 2 II 3 0 2 ) 2 . 

(2) Mix a little of a dry sulphide with sodium carbonate 
and heat strongly on charcoal witli the blowpipe flame. 
Sulphide of sodium is formed, and may be recognised by 
the fact that when a little of the product is placed on a 
silver coin and moistened, a brown stain is produced. All 
sulphides react in thiB way. 

221. Composition of Sulphuretted Hydrogen. — When 
sulphuretted hydrogen is heated alone or with metallic 
tin it yields its own volume of hydrogen. (The gas and 
tin are heated in a glass tube closed by a cork. When 
the tube has cooled the cork is removed under water. No 
gas escapes and water does not rise in the tube.) Uy 
Avogadro’s Law it follows that one molecule of sulphur- 
etted hydrogen yields and contains one molecule, i.e. two 
atoms, of hydrogen. Call the number of atoms of sulphur 
in the gas x ; then the formula may be written H 2 S X . The 
simplest way to find x is to determine the molecular weight 
of sulphuretted hydrogen from its density. It is found 
that the relative density of the gas is 17 (H = 1) ; the 
molecular weight is, therefore* 2 X 17 = 34, and so 

* 

Molecular weight of sulphuretted hydrogen = 34 

Weight of hydrogen in a molecule of sulphuretted hydrogen — 2 

>i sulphur „ „ „ = 32 

But 32 is the atomic weight of sulphur ; hence the mole- 

cule of sulphuretted hydrogen contains one atom of Bulphur, 
Le. 1, and the formula becomes H a S« 
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QUESTIONS.— CHAPTER XVITI. 

1. How is sulphur separated from the mineral matter 

with which it is associated in the native condition 1 

2. Under what conditions are “flowers” of sulphur and 

“milk” of sulphur formed ? 

3. Describe the physical changes through which sulphur 

passes when it is heated in the absence of air. 

4. Tabulate the properties of the different allotropic 

modifications of sulphur so as to bring out the 
differences between them. 

5. Describe the preparation of (a) prismatic sulphur, (6) 

plastic sulphur. 

6. What is the action of sulphur vapour on heated copper, 

iron, oxygen, hydrogen and chlorine respectively 1 
Give equations representing the changes which occur. 

7. How would you prove that octahedral &nd jjrismatic 

sulphur consist of the same element ? 

8. How would you prepare and collect a specimen oi^jmre 

dry sulphuretted hydrogen 1 

9. What products are obtained by burning sulphuretted 

hydrogen (a) in a limited supply of air, (b) in excess 
of air ! 

10. Give examples with equations of the reducing action of 

sulphuretted hydrogen. 

11. What is the action of sulphuretted hydrogen on acid 

solutions of (a) silver nit^te, (6) copper sulphate, (c) 
lead nitrate! Give equations showing the changes 
which take place. 

12. How would you show (a) dihat sulphuretted hydrogen 

contains hydrogen and sulphur, ( b ) *tliat it contains 
these elements in the proportions represented by the 
formula II 2 S 1 

13. What is the composition of “yellow ammonium 

sulphide ” 1 


M. OH KM. 


S 



CHAPTER XIX. 

OXIDES AND OXYACIDS OF SULPHUR. 

222. Sulphur forms four compounds with oxygen, namely, 
sulphur dioxide, S0 2 , sulphur trioxide, S(> 8 , sulphur 
sesquioxide, S 9 0 8 , and sulphur heptoxide, S <2 0 7 . Two of 
these oxides, S0 2 and S0 3 , combine with water to produce 
corresponding f acids, sulphurous acid, U 2 S0 3 , and sulphuric 
acid, H 2 '80 4 , and they are therefore the anhydrides of 
thestf* acids. The other two oxides do not produce the 
corresponding acids on treatment with water, though these 
acids can be obtained by other methods. The full list of 
the oxy acids of sulphur is — 


Sulphurous acid 

n 2 so a 

Sulphuric acid 

IW 

Nordhausen sulphuric acid 

H a 8./> 7 

Thiosulphuric acid 

II 2 S 2 0 3 

Hypos ulphurous acid 

h 2 s 2 o 4 

Per sulphuric acid 

^2 ^2^8 

Dithionic acid 


Trithionic acid 

HftO, 

Tetrathionic acid 

iW>« 

Pentathionic acid 

H 2 S 8 0 # 

Hexathionic acid 

n 2 s 6 o a . 


We shall only study the more important of these compounds, 
riz. sulphur dioxide, sulphur trioxide, sulphurous acid, sul- 
phuric acid and thiosulphuric acid. 
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Sulphur Dioxide, S0 2 . 

223. Preparation. — When sulphur burns in air or 
oxygen, sulphur dioxide is formed, and for purposes in 
which admixture with nitrogen or the excess of oxygen is 
of no moment, the gas may be prepared by this method. 
On the manufacturing scale indeed sulphur dioxide is some- 
times so obtained, though more usually a sulphide contain- 
ing a large proportion of sulphur, such as iron pyrites, FeS* 
is employed (see § 232). 

When the gas is required in a tolerably pure condition 
the following method is applicable : — 

Exp. 151.— About 20 grammes of metallic copper are placed in an 
eight-ounce flask provided with a thistle funnel and delivery tube, and 
60 c.c. of concentrated sulphuric acid are poured down the funnel. 
The flask is then heated on a sand-bath, moderating the heat so soon 
as the action commences. The reaction which takes place is a complox 
one, but consists essentially in the reduction of the sulphuric acid by 
copper. The latter is converted chiefly into CuS0 4 axd Cu^g. 

Mercury, charcoal, or sulphur may be substituted for 
iiopper, but in the case of charcoal the gas which passes off 
is mixed with carbon dioxide : — 

0 + 2 H 2 S0 4 = C0 2 + 2 11 2 0 + 2 S0 3 . 

With sulphur the reaction is — 

S + 2 H 2 S0 4 - 2 H 2 0 + 3 SO* 

sulphur dioxide being formed both from the sulphur itself 
and from the sulphuric acid ussd. It remains to be added 
that all sulphites when treated with a mineral acid yield 
sulphur dioxide — 

Na 2 SO ? + 2 1I 2 S0 4 «« 2 NallSO, + 11 2 0 + SO a . 

Sodium aulphite. Sodium hydrogen sulphate. 

Sulphur dioxide being very soluble in water cannot be 
collected over this liquid ; mercury may however be used, 
but as the gas is more than twice as heavy as air it may be 
conveniently collected by displacement of air. Several jars 
may be filled with it, and its properties demonstrated by the 
experiments given below. 
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224. Properties. — Sulphur dioxide is a heavy colourless 
gas having a suffocating odour. At 760 mm. pressure 
water at zero dissolves 80 times its volume of the gat;, and 
at 10° C. 56 times its volume, the solution having an acid 
reaction. Sulphur dioxide condenses to a liquid under 
ordinary atmospheric pressure at - 8° 0., and under 2 
atmospheres pressure at 0° 0. It can therefore be obtained 
in the liquid form by passing the gas into a vessel sur- 
rounded by a freezing mixture of ice and salt. 

Exp. 162. — Put a lightoil taper into a jar of the gas ; it will he 
extinguished, nor will the gas itself burn. Metallic potassium when 
previously ignited will however burn at the expense of the oxygen in 
this gas, 

Exp. 163. — Show the great solubility of the gas by the method used 
in Experiment 118 (§ 149), or by passing the gas through 10 c.c. 
of water until a saturated solution is obtained. Note the acid 
properties of the solution, and that it possesses the odour of the gas. 

225. Reducing action of Sulphur Dioxide. — Sulphur 
dioxide * is a strong reducing agent; its powers as an 
antid&ptic and as a medium for bleaching silk, straw 
and wool are due to its afhnity for oxygen. Chlorine 
bleaches in consequence of its bringing about the oxidation 
of the colouring matter ; sulphur dioxide bleaches, on the 
contrary, in consequence of its reducing action. The one 
liberates oxygen from water — 

Cl 2 + U 2 0 = 2 IIC1 + 0/ 

Nascent oxygen. 

the other liberates hydrogen — 

II 2 R0 3 + H 2 0 = I1 2 S0 4 + 2 II 

Sulphurous acid. Sulphuric aciil. Nascent hydrogen. 

The nascent hydrogen produced then combines with the 
colouring matter to produce a colourless compound. In 
many cases the colour is restored by exposure to air, when 
the oxygen of the air oxidises the colourless compound 
back to the original coloured substance. In some cases of 
bleaching by sulphur dioxide the coloured compound com - 
bines directly with S0 2 ; in such cases the colour may be 
restored by the addition of an acid which decomposes the 
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colourless addition product with evolution of sulphur 
dioxide. The S0 2 addition product may also bo acted upon 
by the oxygen and moisture of the air, whereby the S0 2 is 
converted into sulphuric acid and the coloured compound 
again set free. 

Exp. 154. — Throw some rose-leaves into a solution of sulphur 
dioxide ; they are bleached. Now add a few drops ot strong sulphuric 
acid ; the colour is restored. Bleach some more of the leaves in the 
same manner, remove them from the solution, and leave them exposed 
to the air for some time. The colour will gradually return. 

It must be noted that an aqueous solution of sulphur 
dioxide does not undergo decomposition in the complete 
absence of air or other oxidising agent ; water and sulphur 
dioxide do not react to give sulphuric acid and hydrogen 
unless there is some substance present to take up the 
hydrogen. In the presence of air the solution gradually 
absorbs oxygen, and the following change takes place — 

2 SO, + 2 11,0 + O, = 2 H,St> 4 . 

From the air. • 

Another good example of the reducing action of sulphur 
dioxide is its power of converting ferric salts into ferrous 
salts. Thus ferric sulphate is reduced to ferrous sulphate, 
and ferric chloride to ferrous chloride — 

Fe 2 (SO 4 \ + SO* + 2 II 2 0 - 2 FcS0 4 + 2 TT,S0 4 . 

2 Fed, + SO.; + 2 1I 2 0 - 2 FeCl 2 4- ll 2 S0 4 4- 2 1J 01. 

« 

Potassium permanganate and potassium chromate are 
also readily reduced, the change being rendered conspicuous 
by the alterations in colour Which result, the purple per- 
manganate being decolorised, and the .yellow chromate 
turned green. 

Exp. 155. — Add a solution of sulphur dioxhloin water to solutions 
of potassium permanganate and potassium chromate respectively. 
Note the colour changes ; they may be used as tosts for sulphur 
dioxide, both in the gaseous state and in solution. Potassium 
chromate is more usually employed for this purpose than potassium 
permanganate. 
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226. How to work out an Equation. — It will be useful 
to discuss the inode of arriving at the equations which 
express the reactions taking place. Taking the case of 
potassium permanganate we know that the substances we 
start with are KMii 0 4 , S0 2 , and water, and the products 
are .acid potassium sulphate, K1IS0 4 (not the normal 
sulphate, because free sulphuric acid is produced), man- 
ganese sulphate, MnS0 4 , and free sulphuric acid. Now 
potassium permanganate may be considered as made up of 
the two oxides, K 2 0 and Mn 2 0 7 (K 2 0 4- Mn 2 0 7 = K 2 Mn 2 0 8 
= 2 KMn0 4 ), and manganese sulphate of MnO and S0 3 . 
We may therefore represent the reduction of potassium 
permanganate to manganese sulphate by reference to 
the corresponding oxides of manganese, thus — 

Mn 2 0 7 2 MnO 4- 50. 

But Mn 2 0 7 corresponds to two molecules of potassium 
permanganate^ and therefore two molecules of KMii0 4 
yield fi'ift atoms of oxygen available for oxidising purposes^ 
i.e. «f so-called “available oxygen.*’ Now, one molecule 
of sulphur dioxide requires ono atom of oxygen to convert 
it into sulphur trioxide, the oxide corresponding to sul- 
phuric acid ; consequently 5 atoms of oxygen will oxidise 
5 molecules of sulphur dioxide. We can now write down 
the left-hand side of the equation with the exception of an 
unknown quantity of water, say x moleculos — • 

2 KMn0 4 + 5 S0 2 + xll 2 0 = . 

Now since the potassium goes to K1IS0 4 and the 
manganese to manganese sulphate, the right-hand side of 
the equation may be written — 

= 2 JtHS0 4 4- 2 MnS0 4 4- yIT 2 S0 4 , 

where y has to be determined. 

It is easy to see that y ~ 1, for only one atom of 
sulphur of the 5 S0 2 remains to be accounted for. So far 
then we may write the equation — 


2 KMii0 4 + 5 S0 9 + xlifi = 2 K1IS0 4 + 2 MxiS0 4 4 Ha S0 4 . 
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But on the right side of the equation we have four atoms 
of hydrogen, and in order that the left-hand side may have 
the same number we must make x = 2. The correct 
equation. is, therefore — 

2 KMn0 4 + 5 SO a 4- 2 H a 0 = 2 KHS0 4 -1- 2 MuS0 4 4- H 2 S0 4 . 

Violet. Colourless 

(in dilute solution). 

In the case of potassium chromate there is not enough 
sulphuric acid produced to convert all the potassium and 
chromium into sulphates, so that some free sulphuric acid 
must be added. Reasoning in a similar manner to that 
adopted above the equation representing the reaction is 
found to be — 

2 K 2 rr0 4 + 3 S0 9 4- 2 1I 2 S0 4 = 2 K*S0 4 # 4-Cr.,(S0 4 ) 3 4- 2 II 9 0. 

Yellow. (Troon. 

227. Action of Sulphur Dioxide on Iodine — Reversible 
actions. — Iodine is reduced to hydriodic acid by sulphur 
dioxide in the presence of water, but the reaction ceases 
when a small quantity of hydriodic acid has been produced, 
owing to the tendency of the latter to reduce sulphuric 
acid, t. e. for the reaction to proceed in the reverse direc- 
tion. This is an example of a reversible action , the exact 
course of the reaction depending on the relative masses 
of the reacting substances (other conditions remaining the 
same). * 

The direct reaction is thus represented — 

I 2 + 2 H 2 0 + SO; - 1I 2 S0 4 + 2 HI, 

and the reverso reaction is, pf course — 

Jl 2 S0 4 + 2 HI - I 2 f 2 II 2 0 + SO s . 

To indicate that the change is reversible it is often 
expressed thus — 

I 2 + 2 IT 2 0 4- S0 2 ^ H 2 S0 4 + 2 HI. 

* KHS0 4 will be produced if excess of sulphuric acid is added. 
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When the direct and inverse reactions are proceeding at 
the same rate no further change will apparently take place, 
though there is no reason for supposing that the reactions 
cease altogether; they merely continue at equal rates, some 
molecules of iodine being reduced, whilst some molecules 
of hydriodic acid are oxidised. 

Exp. 156. — Liberate iodine from potassium iodide by adding a few 
drops of chlorine water ; now add an aqueous solution of sulphur 
dioxide, and the brown colour of the iodine will disappear. 

228. Composition of Sulphur Dioxide — This may be de- 
termined by synthe- 
sis. By means of the 
arrangement shown 
(Mg - r > 8) a fragment 
of sulphur may lie 
burnt in oxygen. 
The sulphur is in 
contact with a thin 
piece of platinum 
wire through which 
an electric current is 
passed ; this heats 
the wire and so ig- 
nites the sulphur. 
The apparatus and 
the oxygen used in 
the experiment must 
be free from mois- 
ture. The gas in the 
globe at first ex- 
pands owing to tho 
heat of combustion, 
and forces the mercury up tlie further limb, but on cooling 
tt returns to its original volume. It is seen therefore, 
that during the combination of sulphur and oxygen 
to form sulphur dioxide no alteration in volume occurs, 
that is to say, sulphur dioxide contains its own volume 
of oxygen . It follows then from Avogadro's hypothesis 





Fio. 58. 
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that one molecule of sulphur dioxide must contain 
one molecule of oxygen. Further, since the molecular 
weight of the gas as found from its density is 64, the 
composition, deduced by a method similar to that used for 
sulphuretted hydrogen (see § 221), must be represented by 
the formula S0 2 . 

229. Sulphurous Acid and Sulphites. — We have seen 
that sulphur dioxide dissolves readily in water, forming an 
acid, II 2 S0 8 . This acid has never been isolated from its 
dilute aqueous solution, any attempt to concentrate the 
solution resulting in decomposition with loss of sulphur 
dioxide. Sulphurous acid contains two atoms of hydrogen 
in its molecule, both of which are replaceable by metals, 
it is, therefore, a dibasic acid (see § 87), and gives rise 
to two series of salts called svlphites. The first series in 
which both atoms of hydrogen are replaced are the normal 
sulphites, e. g. Na 2 S0 8 , K 2 S0 8 , CaSO a ; the second series in 
which only one hydrogen atom is replaced are *the acid 
sulphites, e.g. NaHS0 8 , KHS0 8 , CaH 2 (S0 8 ) 2 . NaH§0 8 is 
called by three different names, viz. acid sodium sulphite, 
sodium hydrogen sulphite, and bisulphite of soda; the 
second regards sulphurous acid as a hydrogen salt, the 
third is a popular name which has no scientific basis. 

The sulphites of the alkali metals may be prepared by 
passing sulphur dioxide into solutions of the corresponding 
hydroxides or carbonates. 

Exp. 157. — Take 50 c.c. of a solution of caustic soda, and pass 
sulphur dioxide into it till it is saturated with the gas. On allowing 
the solution to evaporate at ordinary temperatures (it decomposes 
when heated), or on adding alcqjiol to it, the acid salt t sodium 
hydrogen sulphite, separates out — 

NaOil + SO a = NaHSO* ' 

If we add a second 50 c.c. of the same solution of canstic soda we 
shall then obtain on evaporation or treatment with alcohol the normal 
salt — 

NaOH + NaHSOj = Na*SO s + H s O. 

in a similar way, substituting caustic potash for caustic 
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soda, the sulphites of potash may be prepared. The 
normal sulphites of all metals excepting the alkali metals 
are insoluble in water, and may be obtained as precipitates 
by the addition of a soluble salt of the metal to . 9 , solution 
of an alkaline sulphite — 

CaClo + Na 2 S0 8 * OaSO, + 2 NaCl. 

Sulphites slowly take up oxygen from the air, passing into 
sulphates, and all sulphites are decomposed by acids with 
evolution of S0 2 . 


Sulphur Tiuoxide, S0 8 . 

230. This body occurs in small quantity with the sul- 
phur dioxide formed during the combustion of sulphur or 
iron pyrites. 

Preparation. — Sulphur dioxide and oxygen are passed 
over platinum sponge, obtained by igniting the double 
chloride of ammonium and platinum. The gases must be 
dry, and the platinum sponge gently heated, and there 
then appear at the exit dense white fumes, which if passed 
into a cool dry receiver condense to white silky needles of 
sulphur trioxido. 

A second method which is employed in the production 
of sulphur trioxide in large quantities is based on the 
decomposition of ferrous sulphate, FeS0 4 - 7 II 2 0. This 
body, when heated, first loses most of its water of crystal- 
lisation. The partially dehydrated salt more strongly 
heated is decomposed thus — 

2 FeS0 4 = Fe 2 0 8 + S0 2 + S0 8 . 

The water which still remains attached to the salt, however, 
combines with some of the S0 8 forming H 2 S0 4 , and 
this takes up another molecule of S0 8 forming — 

H 2 0 + S0 8 = and H 2 S 0 4 + S0 8 ~ H 2 S 2 0 7 . 

The acid thus produced is known as Nordh&usen sulphuric 
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acid ; it differs from ordinary sulphuric acid, in that it 
fumes when exposed to moist air, and is often termed 
fuming sulphuric acid . This liquid, which condenses from 
the distillation of partially dehydrated ferrous sulphate, 
when removed from the receiver and heated, yields the 
SO g which it has taken up, leaving behind sulphuric acid — 

H 2 S 2 0 7 = 11,80, f- SO a . 

By distilling with a powerful dehydrating agent, such as 
phosphorus pentoxide, the elements of water may even be 
removed from sulphuric acid itself, and this affords a third 
method whereby S0 8 may be obtained— 

P 2 0 6 + H,S0 4 - 2 I1P0 3 + S0 8 . 

231. Properties of Sulphur Trioxide. — At ordinary tem- 
peratures sulphur trioxide forms white transparent needles, 
which melt at 15° C., and boil at 46° C. ; at a red heat it 
breaks up into sulphur dioxide and oxygey. It combines 
very eagerly with water, evolving much heat, and In contact 
with water it gives a hissing sound like that of the Quench- 
ing of hot iron ; sulphuric acid is thereby formed. It is of 
interest to add that sulphur trioxide enters into direct 
combination with certain metallic oxides, with the produc- 
tion of the corresponding sulphates; for instance, when 
baryta, BaO, and sulphur trioxide are mixed they combine 
to form* barium sulphate, BaS0 4 , and so much heat is 
evolved that the mass becomes incandescent. 


SuLrnuuio Acid, II 2 S0 4 . 

• 

232. Manufacture. — We have seen that under certain 
circumstances sulphur dioxide combines with oxygen to 
form sulphur trioxide, and that this in presence of water 
gives sulphuric acid. We have also seen that the oxida- 
tion of sulphurous acid to sulphuric acid takes place slowly 
when its aqueous solution is exposed to air at ordinary 
temperatures. 

Such methods are, however, not suitable for the produc- 
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tion of large quantities * of sulphuric acid as an article of 
commerce. 

The oxidation of sulphurous acid is effectually perfoimed 
by the intervention of the oxides of nitrogen, an£ on the 
large scale sulphur dioxide, oxygen (supplied in the form of 
air) and steam are brought together, and these in presence 
of oxides of nitrogen form sulphuric acid. 

The svlpkur dioxide in works where a very pure acid is 
made is obtained by burning brimstone, but in the very 
large majority of cases iron pyrites is used as the source of 
the gas. This is burnt in a series of “ kilns,” and the heat 
arising from the combustion is sufficient to render the 
operation continuous, fresh charges being added from time 
to time — 


2 FeS, + 110- Fe,0 3 + 4 SO a . 

The nitric acid from which the oxides of nitrogen are 
derived is prepared by the action of concentrated sulphuric 
acid on Chili saltpetre, NaN0 3 — 

NaNO a + H 2 S0 4 = NaILS0 4 + II N0 3 ; 

the acid fumes are carried into the flues along which the 
sulphur dioxide, and air pass, and there intermingle with 
these gases. 

The air is drawn in through the pyrites burners or 
kilns, the draught being maintained by means of a 
chimney, and by adjustment* of the doors of the kilns so 
as to admit the quantity of air which experience has shown 
to be necessary. 

The steam is supplied from low pressure boilers, and 
introduced into tjie “ chambers” in such a way as to 
become intimately associated with the other products. 

The reaction ending in the production of sulphuric acid 
does not take place under the circumstances very rapidly, 
and it is necessary to provide for a lengthened period of 

* Over a million tons of oil of vitriol are produced in Great Britain 
alone in the course of s year. 
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contact between the various bodies which take part in it. 
The gases are led into a series of large chambers where 
they meet with the steam. These are usually three in 
number, j,nd have a total capacity of 100,000 to 150,000 
cubic feet, the relation of the sulphur burnt to the capacity 
of the chamber being such that the average- time occupied 
by the gas in traversing the chambers is something like 
three hours. The walls and floor of the chambers are 
constructed of sheet-lead supported on a wooden frame- 
work, lead being a metal which is scarcely attacked at all 
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by sulphuric acid of the strength produced in the chambers. 
The chambers are kept cool ejiough to serve as condensers, 
so that the acid collects on the floor, and is drawn off 
periodically. 

233. Laboratory representation of the Sulphuric Acid 
Manufacture. — The formation of sulphuric acid may be 
represented in the laboratory by taking a large flask (5 litres) 
and fitting it with a cork provided with five holes through 
which pass tubes delivering — 
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(1) Sulphur dioxide (for preparation see § 223), 

(2) Nitric oxide ( ,, „ „ § 203), 

(3) Steam, 

(4) Oxygen from a gasholder \ * 

while the fifth hole is provided with a tube opening into 
the air. The arrangement is shown in Fig. 59. 

Pass some sulphur dioxide, nitric oxide, steam, and oxygen 
into the flask, then shut off the steam supply ; crystals of 
nitrosulphonic acid (lead chamber crystals) may be seen to 
form. On clearing the flask of red fumes by a current of 
oxygen, and then passing in more steam, these crystals will 
dissolve with the evolution of red fumes. After allowing 
the reaction to go on for some minutes, the liquid condensed 
in the flask may be tested for sulphuric acid (see § 237). 

234. The theory of the Sulpnuric Acid Manufacture. — As 
we have seen (§ 225), sulphur dioxide under the action of 
air and moisture is transformed into sulphuric acid, but the 
change takes place very slowly, and the sulphuric acid 
obtained is extremely dilute. In presence of certain sub- 
stances, notably the higher oxides of nitrogen as in the 
sulphuric acid chambers, the conversion is more rapid : but 
much difference of opinion exists as to the actual changes 
which take place, and even as to the particular oxides of 
nitrogen which take part in the reaction. 

The older theory, originally suggested by Berzelius, 
regards the nitric oxide (NO) as the body which brings 
about the formation of the ^sulphuric acid. This it does 
by taking up oxygen from the air and forming nitrogen 
peroxide (N0 2 ), which in its turn oxidises the sulphur 
dioxide, and in presence of steam forms sulphuric acid, 
being itself reduced again to nitric oxide, the alternate 
oxidation and reduction going on indefinitely — 

(1) NO, +S0 2 + H 2 0 - NO + K 2 80 4 . 

(2) 2 NO +0 2 = 2 N0 2 . 

It is however observed that if the chambers are insuffici- 
ently supplied with steam, white crystals (“ lead chamber 
crystals ”) are formed, consisting of nitrosulphonic acid, 
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S0j( 0H)(N0 2 ). According to the above theory the formation 
of nitrosulphonic acid is not essential to the process, and 
does not occur in chambers working normally. 

The theory more recently proposed by Lunge, on the other 
hand, assifmes nitrogen trioxide * to be the true intermediary 
in the formation of sulphuric acid, and nitrosulphonic acid 
to be continually formed in the chambers and decomposed 
again by the excess of steam according to the equations — 

(3) 2 TiNTOg + 2 S0 2 + II. ,0 - 2 H/50 4 + N v 0 8 . 

(4) N.,O a + 0 9 + 2 80 2 + 11,0 = 2 S(X(0H)(N0 2 ). 

(5) 2 SO 2 (0H)(N0. 2 ) 4 - 11,0' - N g O s ~ + 2 H a S() 4 . 

Under some conditions, and especially where the gases 
are just entering the chambers and sulphur dioxide is in 
large excess, it is, however, admitted that nitric oxide plays 
a prominent part. With this exception Lunge’s theory is 
not inconsistent with the observations recorded in actual 
working on the large scale. 

235. Properties of Sulphuric Acid. — The pure concen- 
trated acid is a thick oily liquid (sp. gr. 1'84), from whence 
.it derives the name, oil of vitrici. It boils at 338° C., with 
partial decomposition, so that when the acid containing 100 
per cent. li 2 S0 4 is distilled the residue becomes weaker, 
until it reaches a strength of about 98*5 per cent. H 2 S0 4 , 
at which it remains constant. 

It is hughly corrosive, chai ring wood and many organic 
substances even at the ordinary temperature. This is 
largely owing to the great avidity with which it takes up 
water. Wood consists mainly of cellulose, a compound 
of carbon, hydrogen and oxygen in the proportions in 
which they are contained in water : the acid therefore 
abstracts water, leaving a mass of carbgn. 

The methods of preparation of two common gases, ethy- 
lene and carbon monoxide, depend upon this same property 
(see Chaps. XXI, XXIII), as does also the employment of con- 
centrated sulphuric acid for drying gases. When sulphuric 

# The theory holds if N 9 0,be regarded as a mixture of NO* and NO 
(aee § 20 %). 
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acid and water are mixed a large amount of heat is evolved, 
again showing the great affinity they possess for one another, 
and at the same time there is a considerable diminution in 
volume. The contraction reaches a maximqm, viz. 8 
per cent, of the sum of the volumes of acid and water, 
when the ratio of acid to water corresponds to a hydrate of 
the formula II 2 S0 4 • 2H 2 0 ; this probably has a definite 
existence. 

When sulphuric acid vapour is heated to a temperature 
of about 450° C. it is almost completely dissociated into 
water and sulphur trioxide ; this is shown by the fact that 
the vapour density is only half what it should be if the 
molecules consisted of H 2 S0 4 . 

The following considerations will show that the low 
value of the vapour density proves that dissociation has 
taken place. Since each molecule of sulphuric acid gives 
two molecules on dissociation, one of H 2 0 and one of S0 8 , it 
follows from Avogadro’s hypothesis that the volume of the 
dissociation products will be double the volume of the 
sulphuric acid from which they are derived (on reduction 
to standard conditions). Consequently the vapour density 
will be half the theoretical vaiae, which agrees with the 
experimental result stated above. 

When the mixture of water and sulphur trioxide obtained 
by heating sulphuric acid vapour has its temperature still 
further raised the sulphur trioxide breaks up into sulphur 
dioxide and oxygen. Thus, when sulphuric acid is dropped 
on red-hot bricks it decomposes, as represented in the 
following equation — r 

2 H 2 S0 4 = 2 H 2 0 + 2 S0 2 + 0 2 . 

« 

This fact has be§n utilised as a means of manufacturing 
oxygen from sulphuric acid on the large scale. 

Sulphuric acid is an oxidising agent, though a much 
weaker one than nitric acid, as we should expect from the 
smaller percentage of oxygen it contains and the very 
much higher temperature required to break it up with 
separation of free oxygen. Thus it is only when hot and 
concentrated that sulphuric acid exhibits oxidising pro* 



OXIDES AND OXYACID3 OP SULPHUR. 


273 


perties. We have already (§ 223) met with examples of 
the oxidation of both metals (copper and mercury) and 
non-metals (carbon and sulphur) by sulphuric acid ; most 
of the retraining metals and some other non-metals are 
also oxidised by the hot strong acid. 


236. Action of Sulphuric Acid on Metals. — Dilute sul- 
phuric acid dissolves some metals, such as zinc, iron, and 
magnesium, with formation of a sulphate of the metal and 
hydrogen. 

Ccmcentraled sulphuric acid has practically no action on 
common metals in the cold, a few bubbles only of hydrogen 
being produced. When warmed, however, it reacts with 
must metals, producing sulphates of the metals and sulphur 
dioxide mixed with hydrogen ; in the cases of copper and 
nickel some subsulphide is produced at the same time. As 
a type of the reaction which takes place between a metal 
and strong sulphuric acid, we may write the equation which 
expresses the main result of the interaction«of copper and 
Bulphuric acid, viz. — ^ 

Cu + 2 H 2 S0 4 - CuS0 4 + 2 H 2 0 + S0 2 . 

As regards the actual modus operandi of the reaction 
two explanations have been advanced. The first suggests 
that the primary reaction is the formation of a sulphate of 
the metal and hydrogen. The hydrogen being in the 
nascent s£ate, oxidises itself at the expense of the oxygen 
of the sulphuric acid, forming water and sulphur dioxide 
thus — » 

f Ou +H 2 S0 4 -CuS0 4 + 2 H, 

•I Nascent. 

I 2 H + H.,SO.*= SO. + 2 H.O. 

Naacmt. 2 4 a 

• 

The second explanation suggests that the primary action 
is the oxidation of the metal by the acid, and that this is 
followed by solution of the oxide in an excess of acid. 
Thus — 


m on EM. 


/ Cu + II 2 S0 4 =* CuO -f H 2 0 + S0 2 , 
\CuO + H 2 S0 4 = CuS0 4 + H a O. 


T 
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In the following table a r6sum$ of the action of sulphuric 
acid on the common metals is given ; the gaseous products 
are not mentioned because, in all cases, with cold dilute 
acid hydrogen is evolved, and with hot concentrated acid 
sulphur dioxide (with 6 ome hydrogen). 


Metal 

Products with cold dil.HaS0 4 

Products with hot conc-HaSO* 

Magnesium 

MgSO. 

MgS0 4 

Zinc 

ZnS0 4 

ZnS0 4 

Iron 

FeS0 4 

Fe^SOJ, 

Cadmium 

C<1S0 4 

C.1S0 4 

Mercury 

No action 

JIg 2 S0 4 (Tig in excess) 
HgS0 4 (HrjS0 4 in excess) 

Lead 

No action 

PbS0 4 (action slow) 

Copper 

No action in absence of air 

CuS0 4 and Cu^S 

Tin 

No action 

SnS0 4 

Silver 

No action 

Ag*S0 4 

Aluminium 

No action 

auso 4 ). 

Bismuth 11 

No action 

hi*(S0 4 ) 8 

Nickel 

NiS0 4 (action slow) 

NiS0 4 and NiS 

Antimony 

No action 

Sb a (S0 4 )j, 

Gold 

No action 

No action 

Platinum 

No action 

No action 


237. The Sulphates. — These are the salts produced by 
the replacement of the hydrogen in sulphuric acid by 
metals. They are produced by the action of sulphuric 
acid on the metals (in some cases), or on metallic oxides, 
hydroxides, or carbonates. They may also be prepared by 
evaporating the salts of the more volatile acids, such as 
hydrochloric and nitric acids, to dryness with sulphuric 
acid ; the more volatile acid is driven off and a sulphate of 
the metal is formed. 

Three crystalline sulphates which have long been known, 
i.e. ferrous sulphate, FeS0 4 ■ 7 H 2 0, copper sulphate, 
CuS0 4 * 6 H 9 O, and zinc sulphate, ZnS0 4 • 7 H 2 0, were 
called respectively green, blue, and white vitriol , from their 
colours and the glassy transparency of their crystals (L. 
vitrewn, glass). Sulphuric acid was originally called oil of 
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vitriol , because it was obtained by the distillation of green 
vitriol. 

The sulphates are remarkable for their tendency to 
form well-defined crystalline double sulphates, e.g. alum, 
Al 2 (S° 4 ) 3 r - K 2 S0 4 *24 H 2 0. 

Insoluble Sulphates may be obtained by mining a solution 
of a soluble salt of the metal whose sulphate is required 
with a solution of a soluble sulphate, when double decom- 
position takes place with precipitation of the insol ublo 
salt. The sulphates of lead, calcium, barium and strontium 
are insoluble or only slightly soluble in water, the rest 
being readily soluble. 

Sulphuric acid, like sulphurous acid, is a dibasic acid and 
forms two classes of sulphates, the normal sulphates such 
as Na 2 S0 4 , 0aS0 4 , and the acid sulphates such as NaJLS0 4 , 
either one or the other being formed according to whother 
the base or the acid is in excess. 

Test for Sulphates. — 

Exp. 158 . — Add barium chloride to a solution which contains either 
'sulphuric acid or a sulphate in presence of hydrochloric acid : a white 
precipitate is formed consisting of sulphate of barium. This is the 
only common barium salt which is insoluble in water and acitls, and 
the formation of the precipitate is therefore characteristic, and may 
be taken as a sure indication of the presence of sulphuric acid either in 
the free state or in combination, 

238. Uses of Sulphuric Acid.— Sulphuric acid is the most 
important of all the acids. It is very largely used in the 
manufacture of other acids, such as nitric and hydrochloric 
acids, in the manufacture of •salt-cake — the first stage in 
the Leblanc process for the manufacture of washing-soda 
— and in the conversion of normal calcium phosphate, 
Ca 3 (PG 4 ) 2 , into the acid calcium phosphate, CaH 4 (P0 4 ). 2 ; the 
latter is much used for agricultural purposes as a fertiliser, 
because it is soluble in water, whereas the normal salt is 
insoluble and so cannot be assimilated by plants. As 
already mentioned, sulphuric acid is used in the laboratory 
for drying gases and for the preparation of such gases as 
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carbon monoxide and ethylene. It is also largely employed 
in making storage cells or accumulators for the generation 
of electric currents. 


Thiosulphuric Acid, Il^Og. 

239. Free thiosulphuric acid may be obtained in dilute 
solution by the action of a mineral acid on a thiosulphate, 
but it is very unstable, undergoing decomposition according 
to the equation — 

II 2 S 2 0» - n 2 o + so 2 + s. 

The thiosulphates may be obtained by boiling solutions 
of sulphites with sulphur when direct combination takes 
place — 

Na 2 S0 3 + S = Na 2 S 2 0 3 . 

Sodium sulphite Sodium thiosulphate. 

The qpdiuiB. salt is the most important ; it is generally 
incorrectly called “hyposulphite of soda" or merely 
“ hypo.” It is much used in photography on account of 
the power it possesses of dissolving the haloid salts of 
silver, a soluble double thiosulphate of silver and sodium 
being formed — 

AgCl + Na 2 S 2°s - Nft Cl + AgNaS 2 0 8 . 

Sodium silver thi^pulphate. 

Sodium thiosulphate is also used to remove the last 
traces of chlorine from a fabric which has been bleached, 
such a substance being termed an anti-chlor. This action 
depends upon the ease with which it is oxidised to sodium 
sulphate — 

Na 2 S 2 0 8 + JI 2 0 + CL - Na 2 S0 4 + 2 IIC1 + S. 

Sodium sulphate. 

Test for Thiosulphates. — Thiosulphates in solution are 
distinguished from sulphites by the fact that with dilute 
mineral acids they give off sulphur dioxide and also /orm 
a precipitate of finely-divided sulphur — 

NajSjOg + 2 HC1 - 2NaCl + SO f + S + H 8 0. 
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QUESTIONS.— CHAPTER XIX. 

1. Describe how sulphur dioxide is prepared on the 

laboratory scale and how it is colleoted. 

2. State the physical properties of sulphur dioxide. What 

volume of the gas will dissolve in 100 c.c. of water at 
10° C. under normal pressure? 

3. Explain the bleaching action of sulphur dioxide, and 

show in what respects it differs from that of chlorine. 

4. What is the effect of passing chlorine into a solution 

of sulphur dioxide in water ? Give the equation. 

6. Express by equations the action of sulphur dioxide on 
solutions of (1) ferric sulphate, (2) potassium per- 
manganate in the presence of sulphuric acid, (3) 
potassium chromate in the presence of Bulphuric 
acid. 

6. Explain how the equation expressing a • complex 

chemical change («. g . the action of sulphur dioxide 
on potassium permanganate in the presence of sul- 
phuric acid) may be built up. 

7. What is meant by a reversible action 1 Discuss an 

example. 

8. A little chlorine is passed into a solution of potassium 

iodide, and then afterwards sulphur dioxide is passed 
in; state the changes which take place and give 
equations representing them. 

9. u Sulphur dioxide contain^ its own volume of oxygen/' 

Explain the meaning of this statement, and show 
how you would prove the truth of it by experiment. 

10. Describe the preparation of the normal and acid 

sulphites of soda; what is the action of sulphuric 
acid on them? 

11. TJ nder what circumstances does sulphur dioxide combine 

directly with oxygen ? 

12. What is the action of heat on FeS0 4 , 7 H 2 01 

13. How may sulphur trioxide be obtained from (a) Nord- 

hausen sulphuric acid ; (5) ordinary sulphuric acid I 
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14 . Describe how sulphur dioxide becomes transformed 

into sulphuric acid on the large scale ; give equations. 

15 . How is sulphur dioxide obtained for the manufacture 

of sulphuric acid, and what means are employed to 
ensure its being mixed with the proper quantity 
of air? 

16. Discuss the action of heat on sulphuric acid. 

17. Compare the reactions between the metals, zinc, mer- 

cury and iron respectively, and (1) dilute sulphuric 
acid, (2) hot concentrated sulphuric acid. 

18. What explanations of the action of hot strong sulphuric 

acid on copper have been suggested ? 

19. Write down the formulas of the normal sulphates of 

copper, potassium, lead, iron and aluminium. 

20. Give a method of testing for the presence of a soluble 

sulphate, and show how you would distinguish 
whether an aqueous solution contained — 

a) free sulphuric acid only, 

b ) a normal sulphate, 

c) a mixture of the two. 

21. What are the chief uses of sulphuric acid? 

22. What is the correct name foi “ hyposulphite of soda"? 

How is this substance prepared, and what are its 
properties and uses ? 



CHAPTER XX. 

PHOSPHORUS. 

240. Occurrence. — Phosphate of limo, Ca 3 (P0 4 )„, the 

principal source of phosphorus, forms the essential con- 
stituent of the mineral apatite, and of bone-ash. The 
former occurs in the older formations of the earth’s crust 
as — 9 • 

Chlorapatite, 3 Ca 8 (P0 4 ) 2 * CaCl 2 ; 
and Fluorapatite, 3 Ca a (P0 4 ) 2 ■ CaFj. 

Bone-ash is obtained by the dry distillation of bones. 

In small quantities phosphates are very widely dis- 
tributed j all fertile soils contain a small percentage, and 
they are always found in plants, being, like nitrogen, 
essential to plant-life. 

• 

241. Manufacture of Phosphorus. — The first step in the 
manufacture of phosphorus from bone -ash consists in 
treating it with sulphuric *acid, whereby a double de- 
composition takes place— 

Ca 8 (P0 4 ) 2 + 3 H 2 S0 4 - 3 CaS0 4 + 2 H 8 P0 4 . 

When the decomposition is complete, the product is 
filtered through cinders m , the calcium sulphate remains on 
the filter, and the phosphoric acid passes through. 

279 
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The liquid is then concentrated, mixed with charcoal, 
and further heated almost to dryness, the H a P0 4 losing 
water and being converted into HPO a — 

H 8 P0 4 HPO, + H 2 0. 

Finally, the granular product is heated to full redness 
in clay retorts placed horizontally in series over a fire, 
when the following reaction takes place — 

2 IIP0 8 + 6C H 2 + 6 CO + 2 P. 



Fio. 60. 


Luted into the mouth of each retort is an iron pipe, bent 
at right angles and dipping into water; the vapour of 
phosphorus is thus led into the water, and there condensed 
out of contact with air. The temperature of the water 
is high enough to keep the phosphorus in the liquid state, 
and it can be run off or ladled out from time to time. It 
is further refined by re-melting in water, and filtering 
through chamois leather or canvas to remove suspendeq 
ipatter, and then finally cast into sticks. 
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242. Properties of Phosphorus. — The phosphorus so ob- 
tained is a yellowish, translucent, crystalline solid which 
can be readily cut with a knife. It has a specific gravity 
of 1*82, it melts at 43° 0., and boils at 269 g C. It is 
insoluble ‘in water, but readily dissolves in bisulphide of 
carbon. 

When phosphorus is exposed to the air it slowly oxidises 
and emits white fumes (visible in the dark) consisting 
of a number of oxidation products, namely, phosphorous 
oxide (P 4 0 6 ), phosphorous acid (H 3 P0 3 ), phosphorus pent- 
oxide (P 4 0 10 ), phosphoric acid (H 3 P0 4 ), and hypophosphoric 
acid (H 4 P 2 O a ). At the same time the phosphorus becomes 
faintly luminous. The cause of this luminosity has not 
been established with certainty, but it is probably con- 
nected in some way with the presence of ozone ; this sub- 
stance (along with hydrogen peroxide) is always produced 
during the slow oxidation of phosphorus, and it has been 
found that in the presence of bodies such as ether and 
turpentine, which destroy ozone, the luminosity ceases. At 
34° C. phosphorus ignites in air and burns wfth great 
brilliancy, forming phosphorus pentoxide, P 4 O 10 ? On 
account of the ease with which phosphorus undergoes 
oxidation it must be kept under water. It should be 
mentioned that perfectly dry air (or oxygen) has no action 
on phosphorus. 

Phosphorus combines also at ordinary temperatures 
with fluoVine, chlorine, bromine, iodine and sulphur, and 
in the finely-divided condition with oxygen, with the 
evolution of light and heat. 

Phosphorus may be obtained in two other allotropic 
modifications, red phosphorus, and the recently discovered 
scarlet phosphorus. • 

243. Red Phosphorus is, according to its method of 
preparation, a reddish-brown powder or a close-textured 
mass showing conchoidal fracture. This form is prepared 
on tho large scale by heating ordinary phosphorus at 
250° 0. in cast-iron pots to which air has only limited 
access, and removing the unconverted phosphorus which 
remains by boiling the finely-divided product with caustic 
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soda solution. On a small scale in the laboratory it may 
readily be obtained by heating ordinary phosphorus in 
an atmosphere of nitrogen or carbon dioxide. The amor- 
phous phosphorus differs very considerably in its properties 
from that already described. It has a higher specific 
gravity (2*24), and is insoluble in bisulphide of carbon. 
It undergoes no change in air at ordinary temperatures, 
and may be freely bandied without danger; it combines 
with oxygen, the halogens, and sulphur at much higher 
temperatures than ordinary phosphorus. Unlike ordinary 
phosphorus, it is not poisonous. Red phosphorus was 
formerly called “amorphous” phosphorus, but it has 
recently been shown to possess a crystalline structure. 

Lucifer matches are tipped with a mixture of phosphorus 
and certain substances, such as lead dioxide and potassium 
nitrate, which readily part with oxygen. “ Safety ” matches 
contain no phosphorus, being tipped with a mixture of 
antimony sulphide (Sb 2 S 3 ), the sulphur being the inflam- 
mable body, apd potassium chlorate ; in this case the match 
is igniteS. by rubbing it on a prepared surface of red phos- 
phorus and powdered glass. In either case the heat requi- 
site to promote chemical action and to ignite the phosphorus . 
is generated by friction on a rough surface. 

Scarlet Phosphorus. — This form of phosphorus which 
has been obtained recently is apparently an amorphous 
modification of the element. 


Hydrides o # f Phosphorus. 

244. Phosphorus forms thr$o hydrides — 

Gaseous phosphoretted hydrogen or phosphine PIL. 
Liquid phosphoretted hydrogen ... ... P 2 Ii 4 . 

Solid phosphoretted hydrogen P 4 H 2 . 

The only one of these compounds which we shall consider 
is the gaseous hydride PHg, the othors being unimportant. 



PHOSPHORUS. 


283 


Phosphorus Triiiydride, or Phosphine, PH 3 . 

245. Preparation. — This gas, which is the analogue of 
ammonia, ‘is obtained by heating phosphorus in a flask with 
a solution of caustic soda. As obtained in this way it is 
mixed with small quantities of the liquid and solid hydrides, 
which render it spontaneously inflammable in air; so, to 
prevent the gas taking fire in tlio flask, the air is, previous 
to heating, displaced from the apparatus by coal gas. The 
end of the delivery tube dips under water as shown in 
Fig. 61, and as each bubble of gas reaches the surface it 
inflames and produces a ring of white smoke (phosphorus 
pentoxido). 

The reaction which takes place is — 

4P + 3 NaOH + 3 H 2 0 = 3 NaH,P0 2 + PH 3 . 

Sodium liypoptosphite. 

Phosphine is also formed, along with «. considerable 
quantity of liquid phos- 
phoretted hydrogen, 

'when phosphide of 
calcium (obtained by 
heating together lime 
and phosphorus in a 
closed % crucible) is 
brought into contact 
with water. 

Pure phosphorus tri- 
hydride is prepared 
by warming phosphon- 
ium iodide, P1I 4 1 (see 
below), with caustic 
potash or soda, the 
reaction being analo- 
gous to that employed in the preparation of ammonia- 

PH 4 I + NaOH - PH 3 + Nal + H 2 0. 

Nli^Cl + NaOH - NH S + NaCl +- H*0. 
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The gas may be collected over water. 

246. Properties of PH 3 . — It is a colourless gas which 
condenses only when cooled to - 90° C. It is very slightly 
soluble in water, and possesses a penetrating garlic-like 
odour which is evident even with very small quantities of 
the gas ; it is very poisonous. If free from other hydrides, 
it is not inflammable in air at ordinary temperatures ; heat 
decomposes the gas into its elements more readily than the 
corresponding nitrogen compound, NH a . 

Just as ammonia combines directly with the haloid acids 
HC1, HBr, etc., to form ammonium chloride, ammonium 
bromide, etc., so phosphorus trihydride forms similar com- 
pounds. The combination with hydriodic acid to form 
phosphonium iodide — 

PH 8 + HI =* PH 4 I, 
takes place very readily. 

i * 

The Oxides and Oxyacids op Phosphorus, 

247. A list of the oxides and oxyacids of phosphorus 
which are known is given in the following table : — 


Oxides. 

Corresponding Acids. 

P a O (not known 
in free state) 
PA (PA) 

PA 

p, 0 , 

Hypophospkorous acid, H,P0 9 or 3 H a O * P 9 0. 

Phosphorous acid, H 3 PO« or 3 H a O * P 9 O s . 

Hypophosphopc acid, H 4 P 9 <5 6 or 2 H 2 0 * P a 0 4 . 
Ortnophosphoric acid, H 3 P0 4 or 3 BLjO • P 9 0 5 . 
# Pyropnosphorio acid, H 4 KO 7 or 2 H a O ■ P a O # . 
Metaphosphorio acid, HrO, or H a O • P a 0 5 . 


The more important are phosphorous oxide, P 4 0 6 , and 
phosphorus pentoxide, P^0 5 , and the acids derived from 
them, and we shall restrict ourselves to a study of these 
compounds. 
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Phosphorous Oxide, P 4 0 6 . 

248. Preparation. — Phosphorous oxide is obtained mixed 
with phosphorus pentoxide when phosphorus is exposed to 
oxidation in air at ordinary temperature, or when it is 
burnt in a limited supply of air. Its preparation is carried 
out in the following manner : — 

A glass tube is drawn out into the shape shown at A, 
Fig. 62, and some pieces of phosphorus are introduced into 
it. This tube is connected with a metal condenser D, the 
inner tube of which is provided with a plug of glass wool 
at the end away from A ; the space between the two tubes 
of the condenser is filled with water. The condenser is 
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attached to a U-tube G connected at its lower end with a 
bottle 35, as shown in the diagram ; the U-tube and bottle 
are surrounded by a freezing rffixture of ice and salt. The 
tube A is gently heated and a current of air is drawn 
through the apparatus by m§ans of an aspirator attached 
to the U-tube. The phosphorus melts, but is prevented 
from running out by the shape of the tubfe ; it burns in the 
current of air and a mixture of P 4 0 6 and P 2 0 ft passes over 
into D, where it condenses. After some time the condenser 
is heated till the temperature of the water rises to 50° C. 
as indicated by the thermometer, T. This temperature is 
sufficient to melt the phosphorous oxide which passes over 
into the U-tube, where it solidifies, but the phosphorus 
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pentoxide remains solid and the plug of glass wool keeps it 
back in D. Occasionally the freezing mixture is removed 
from the U-tube and bottle, and the U-tubo is gently 
warmed, when the P 4 O a melts and runs down into bottle. 

249. Properties. — Phosphorous oxide is a white crystalline 
solid, melting at 22*5° C. to a colourless liquid. It is slowly 
dissolved by cold water with formation of phosphorous 
acid, HjPOg, and is therefore the anhydride of this acid — 

P 4 0 6 + G lip - 4 H 3 PO 3 . 

With hot water, however, a violent reaction takes placo 
with formation of red phosphorus, phosphides of hydrogen 
and phosphoric acid. On exposure to moist air or oxygen 
it oxidises to phosphorus pentoxide, and if the temperature 
is slightly raised it takes fire. 

The vapour density of phosphorous oxide is 110, and 
consequently its molecular weight is 2 x 110 = 220. This 
corresponds t6 a formula P 4 O a for the gaseous molecule 
(P 4 - A x 31 = 124, O a = 6 x 16 - 96, and 124 + 9G = 220). 


Phosphorous Acid, JI 3 P0 8 . 

250. Preparation. — Tins acid may be obtained, as already 
stated, by the action of cold water on phosphorous oxide. It 
is prepared by the action of water on phosphorus tri- 
chloride— 

PC1 3 + 3 IT/) *= n a P0 3 + 3 II Cl. 

It is not necessary to actually prepare the trichloride, 
and the most convenient 'course of procedure is to 
pass chlorine inJo phosphorus melted under a layer of 
water. A solution of phosphorous acid is thus obtained, 
and on concentrating and allowing to cool, crystals of the 
acid separate out. 

251. Properties. — Phosphorous acid is a white, deliques- 
cent crystalline solid, melting at 70° C. Only two of the 
three hydrogen atoms in the molecule of phosphorous acid 
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are replaceable by metals, and it is therefore a dibasic acid. 
Thus it forms salts such as KH 2 P0 3 , K 2 HPO a and 
Ag.,IlP0 8 , but Ag 3 P0 3 lias not been prepared. Its con- 
stitutional formula is probably 

]I 0 — H 

X)— IT 

?.i3. it contains two hydroxyl groups — for we have already 
seen that the basicity of an acid usually depends upon the 
number of hydroxyl groups it contains. 

On heating, phosphorous acid decomposes, yielding phos- 
phoric acid and phosphine — 

4II,PO, = 3iy'0 1+ I>lT 8 . 

It is a strong reducing agent, as it readily takes up 
oxygen and is transformed into ordinary phosphoric acid, 
Il 8 P0 4 . Thus it precipitates metallic copper from a solu- 
tion of copper sulphate on boiling. • # 


Phosphorus Pentoxipe, P.O , 

1 4 .() 


252. Preparation. — Whenever phosphorus is burnt in an 


excess of dry oxygen 
or air this oxide is 
formed. The operation 
may he performed in a 



glass bolt-head with 
two side tubes, through 
one of which passes air 
dried overfused calcium 
chloride, and through 
the other the fumes 
are aspirated, a bottle 
being placed between 
the aspirator and the 



side tube to intercept p I(; ^ 

the phosphorus pent- 

oxide (Fig. 63). A small piece of phosphorus carefully dried 
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between filter paper is introduced through the neck of the 
bolt-head into a small basin attached as shown, and then 
successively other pieces, until sufficient of the oxide has 
been prepared. After the first piece has been ignited by 
touching it with a hot wire, the basin will be hot enough 
to start the combustion of the subsequent portions as they 
are dropped into it. The pentoxide so obtiiined always 
contains phosphorous oxide, from which it may be freed by 
passing it in the gaseous form along with oxygen over 
gently heated finely-divided platinum. Compare prepara- 
tion of sulphur trioxide. 

253. Properties of P 4 0 10 . — The oxide is an amorphous 
white powder, which when left in contact with moist air 
gradually absorbs moisture and deliquesces. When thrown 
into water it combines with it with a hissing noise, and 
forms metaphosphoric acid, HP0 3 — 

t , P 4 O l0 + 2 1I 2 0 = 4 IIP0 3 . 

Its great affinity for water renders it a valuable agent for 
completely drying gases, whilst in contact with acids it 
frequently deprives them of water, forming anhydrides — 

2 H 2 S0 4 + P 4 O 10 = 4 IIP0 3 + 2 SOL. 

4 HNO, + PAo = 4 HP0 3 + 2 

Similarly it chars w ood, paper, and many organic substances 
by its dehydrating action. 


Orthophosphorio Acid ( Ordinary Phosphoric Acid) } 

H fl P0 4 . 

254. Preparation. — Orthophosphoric acid is obtained by 
dissolving phosphorus pentoxide in water and boiling the 
solution. It is prepared by the action of nitric acid on 
ordinary phosphorus, or by boiling for some time a solution 
of metaphosphoric acid. 
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Exp. 159. — Introduce about 10 grammes of red phos- 
phorus into a large retort, and cover it with concentrated 
nitric acid. Place a flask over the mouth of the retort. 
Now heat cautiously, and presently red fumes of oxides 
of nitrogen will be evolved by the reduction of the nitric 
acid — 

4 P + 10 IINO a + 11,0 = 4 IlgPOj + 5 NO + 5 N0 2> 

Continue the heating in such a manner as to keep the 
liquid about its boiling-point, but so that as little as 
possible distils over. When the phosphorus has all dis- 
appeared, and red fumes are no longer generated, distil the 
acid over until that remaining has a syrupy consistency ; 
more red fumes will be evolved at this stage through the 
oxidation of some phosphorous acid. Finally, transfer the 
thick liquid to a porcelain dish and evaporate so long as 
strongly acid fumes (IINOg) are given off. 

As trichloride of phosphorus when treated* with excess of 
water yields phosphorous acid, so the pentacliloride, by 
similar treatment, gives ordinary phosphoric acid — 

PC1 5 + 4 H 2 0 = H 3 P0 4 + 5 HC1. 

The acid, when sufficiently concentrated, crystallises on 
standing.. 

255. Properties. — Phosphoric acid is a colourless deli- 
quescent crystalline solid, melting at 41*7° C.; the crystals 
consist of hard rhombic prisms. It is a tribasic acid, each 

of the atoms of hydrogen being replaceable by a metal. 

• 

256. The Phosphates. — The phosphates of the alkali 
metals sodium, potassium and of ammonium are soluble in 
water, and are obtained by the addition of the alkaline 
hydrates to phosphoric acid. The amount of the alkali 
added may be sufficient to replace one, two, or three atoms 
of the hydrogen, thus — 

EC. CHEtf. U 
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NaOH + H 3 P0 4 - NaH„P0 4 + H 2 0. 

4.Q Oft Sodium dmydrogen 

1 pboBphato. 

2 NaOH + H 8 P0 4 = Na 2 HP0 4 + 2 H 2 0. 

8Q 98 Disodium liydrogen 

phosphate. 

3 NaOH + H 8 P0 4 - Na 3 P0 4 + 3 II 2 0. 

J20 98 Normal sodium 

phosphate. 

The numbers underneath show the combining proportions 
of caustic soda and phosphoric acid required to form such 
salts. That is to say, if to 98 grammes of phosphoric acid 
there be added 40 grammes of caustic soda and the solution 
evaporated the salt NaH, 2 PO. will be obtained; if 80 
grammes, then the salt formed will be Na»HP0 4 , and if 
120 grammes, the salt Na 8 P0 4 will be formed. 

Na 8 P0 4 is an example of a normal salt which is not 
neutral in its reaction with litmus but alkalirie. 

NaH 2 P0 4 , Sodium dihydrogen phosphate — acid reaction. 

Na 2 HP0 4 , Disodium hydrogen phosphate — slightly alka- 
line. 

Na 8 P0 4 , Normal sodium phosphate — distinctly alkaline. 

The salt ordinarily known as “sodium phosphate” is 
Na^HP0 4 . It is prepared by adding caustic soda solution 
to phosphoric acid till the liquid is distinctly alkaline 
and crystallising the salt. Crystals of the composition 
Na,HP0 4 + 1211,0 separate out. 

The normal phosphates of the alkaline earth metals (Ba, 
Sr, Ca) and of Mg, Pb, Ag, and indeed of all other metals, 
are insoluble in water, but soluble in dilute mineral acids. 
They may be prepared by adding a soluble salt of the metal 
in question to an aqueous solution of an alkaline phosphate — 

2 Na 8 P0 4 + 3 CaCL - Ca 3 (P0 4 ) 2 + 6 NaCl. 

Na 8 P0 4 4* 3 AgN0 8 _ Ag 8 P0 4 + 3 NaNO B . 

257. Tests for Phosphates. — (1) Ferric chloride gives, 
even in presence of acetic acid, a yellowish-white precipitate 
of ferric phosphate. (Arsenates give a similar precipitate.) 

(2) Silver nitrate gives a pale yellow precipitate of silver 
phosphate. (Arsenates givo a brick-red precipitate.) 
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(3) Excess of ammonium molybdate in the presence of 
nitric acid gives a bright yellow precipitate of phospho- 
molybdate of ammonium even in the cold, but more rapidly 
on warming. (The arsenates give a similar precipitate only 
on warming.) 

(4) The preseuce of phosphorus may always be detected 
by heating a little of the powdered substance along with 
magnesium filings in a narrow tube and then moistening 
the product with water. Phosphoretted hydrogen is given 
off, and may be recognised by its characteristic odour. 

258. Pyrophosphoric Acid, H 4 P 2 0 7 , is obtained as a 
glassy mass by heating ordinary phosphoric acid to 215° C. — 

2 h 3 po 4 = n 4 p 2 o 7 + h 2 o. 

It is readily soluble in water and in solution is slowly 
converted into ortliophosphoric acid at the ordinary tem- 
perature, rapidly on boiling — 

H 4 P 2 0 7 + H 2 0 - 2 H 3 P0 4 .. 

As with the phosphates, the salts of the alkali metals are 
. soluble in water, those of the other metals being insoluble 
in water but soluble in dilute mineral acids. 

Tests for Pyrophosphates. — (1) Silver nitrate gives a 
white precipitate of Ag 4 P 2 0 7 (distinction from phosphates). 

(2) Pyrophosphoric acid does not coagulate albumen 
(distinction from metaphosphoric acid). 

259. Metaphosphoric Acid* HP0 S , is obtained when 
ortho- or pyrophosphoric acid or their ammonium salts are 
strongly heated — 

h 8 po 4 = IlfcOj + h 2 o. 

It is a glassy solid (whence the name glacial phosphoric 
acid by which it is also known) and closely resembles pyro- 
phosphoric acid in appearance. It is readily soluble in 
water, and in solution passes slowly into ortliophosphoric 
acid ] on heating the change takes place rapidly — 

1IP0 3 4- H 2 0 - h 3 po 4 . 
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The salts of HPCL resemble those of H 3 P0 4 and H 4 P 2 0 7 
as regards their solubility in water and acids. 

Tests for Metaphosphates. — (1) Silver nitrate gives a 
white precipitate of AgP0 3 (distinction for phosphates). 

(2) Metapliosphoric acid coagulates albumen (distinction 
from ortho- and pyrophosphoric acids). 


Compounds of Phosphorus with the Halogens. 

260. By direct union of phosphorus with these elements, 
bodies of the type PX 3 and PX 5 are formed, and by the 
action of moisture on PC1 5 and PBr 5 , the oxychloride 
POCl 3 , and oxy bromide POBrg, respectively, are obtained. 

We shall only consider the compounds PCJ1 8 and PC1 5 in 
detail ; the corresponding compounds of the other halogens 
closely resemble them in properties. 


Phosphorus Trichloride, PC1 3 . 

261. Preparation. — This compound is prepared by pass- 
ing dry chlorine over red phosphorus heated in a glass 
retort; the trichloride distils over and is collected in a 
receiver cooled by water. 

Properties. — Phosphorus trichloride is a colourless mobile 
liquid boiling at 76° C. IV is decomposed by water with 
formation of phosphorous and hydrochloric acids — 

PC1 8 + 3 II 2 0 - H 3 P0 3 + 3 1101. 

It combines directly with chlorine to form phosphorus 
pentachloride, and on heating unites with oxygen, forming 
phosphorus oxychloride, P0C1 8 — 



PHOSPHORUS. 


293 


Phosphorus Pentachloride, PC1 5 . 

262. Preparation. — Phosphorus pentachloride is pre- 
pared by passing chlorine into phosphorus trichloride 
contained in a flask, using a wide delivery tube, so that the 
end will not be stopped up by the solid pentachloride. 

Properties. — The pentachloride is a light yellow solid, 
which passes directly into vapour at 168° U., without melt- 
ing, undergoing partial decomposition into PC1 3 and Cl 2 . 
With a small quantity of water phosphorus pentachloride 
yields phosphorus oxychloride — 

pci 5 + n 2 o = poci 8 + 2 nci ; 

but with excess of water phosphoric acid is formed — - 
POCl 3 + 3 n 2 0 - PO(OII) a 4 - 3 HC 1 ; 
or, writing both stages in one equation — 

PC1 5 + 4 H 2 0 - PO(OII ) 3 + 5 SCI. • 

The greater attraction which phosphorus has for oxygen 
than for chlorine renders both PC1 8 and PC1 5 valuable re- 
agents for substituting chlorine for oxygen or hydroxyl, in 
the latter case with elimination of 1 1 Cl ; they are much used 
for this purpose in dealing with carbon compounds. Ex- 
amples of^such actions are given in the following equations : 

S0 3 + PC1 3 = POCI 3 + S0 2 . 

S0 2 + PC1 6 - POCl 8 + S001 2 . 

/OH • /OH 

SO^ + PC1 6 = POCl 8 + S0 2 + HC1. 

/OH # /Cl 

S0 2 <^ + PC1 6 * POCI 3 + S0 2 + HC1. 

C,H 5 • OH + PCL = POCL + C 2 H 8 - Cl + HC1. 

E tli y 1 alcohol. E Lh> l chloride. 

C 2 H a O • OH + PC1 6 = POCI 3 + C 2 H 8 0 ■ Cl + HC1, 

Acetic acid. Acetyl chloride. 

CH„CIIO + PC1 6 = POCl 8 + CH 8 CHC1 2 . 

Aldehyde. Kthylidene chloride. 
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QUESTIONS.— CHAPTER XX. . 

1. What is the effect of heating chlorapatite and fluora- 

patite respectively with concentrated sulphuric acid ? 

2. How is phosphorus extracted from phosphoric acid ? 

3. Discuss the nature of the changes which take place 

when phosphorus undergoes slow oxidation in air. 

4. Write down in parallel columns the physical properties 

of ordinary and red phosphorus. 

5. What differences are there in chemical behaviour be- 

tween ordinary and red phosphorus ? 

6. Why does a match ignite when rubbed on a rough 

surface 1 What chemical action takes place during 
the ignition ? 

7. To what is the spontaneous ignition of phosphorus 

trihydri&e due, and how may the hydride be prepared 
so as not to ignite spontaneously ] 

8. Express by equations the action of phosphorus on 

chlorine, iodine, caustic potash and nitric acid. 

9. Compare the trihydride of phosphorus with the tri- 

hydride of nitrogen. 

10. How is phosphorous oxide prepared, and how may it 

be converted into the pentoxidel 

11. What is the action of (a) cold water, (6) hot water 

on phosphorous oxide i 

12. How has it been proved* that the formula for phosphor- 

ous oxide is P 4 0 6 , not P 2 Og ? 

13. Describe the preparation find properties of phosphorous 

acid. 

14. How may phosphorus pentoxide be obtained in quantity 

and converted into metaphosphoric acid and into 
phosphoric acid ? 

15. What is the action of water on the trichloride and on 

the pentachloride of phosphorus ? Give equations. 

16. Describe in detail the preparation of phosphoric acid 

from phosphorus. 
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17. What is meant by saying that orthophosphoric acid is 

a tribasic acid 1 Write down the names and formulae 
of a few phosphates that are soluble in water. 

18. By what chemical tests may phosphates be distin- 

guished from arsenates and from pyrophosphates 1 

19. How are ir.etaphosphoric and pyrophosphoric acids 

prepared and distinguished ? 

20. Describe the preparation of the chlorides of phosphorus 

and of phosphorus oxychloride. 

21. 50 grammes of caustic soda are mixed with 61*25 
grammes of orthophosphoric acid. What salt will bo 
produced and how much of it will be obtained 1 

(Na - 23, 0 ~ 16, H - 1, P - 31.) 



CHAPTER XXL 

CARBON AND THE HYDROCARBONS. 

Carbon. 

263. Carbon is the first member of a group consisting of 
the elements carbon, silicon, titanium, zirconium, and thorium, 
of which the fi^st two members alone come under considera- 
tion amohgst the non-metals. They show a considerable 
resemblance to one another in their physical and chemical 
properties. 

Comparing together more particularly carbon and silicon 
we observe that — 

(\) The elements themselves are very infusible. 

(2) They exist in allotropic modifications of' similar 
character. 

(3) They form oxides of great stability and also gaseous 
hydrides, CH 4 and SiH 4 , the former of these being a 
stable body, whilst the latter undergoes decomposition very 
readily. 

(4) Carbon and silicon both combine directly with 
fluorine to form "CF 4 and SiF 4 respectively. With the 
other halogen elements they do not combine directly, but 
volatile liquid tetrachlorides, CCl 4 and SiCl 4 , are obtained 
indirectly. 

264. Occurrence. — Carbon is found in nature in a state of 
comparative purity as diamond and graphite, the latter 
known as mineral plumbago, from which black-lead pencils 
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are made. These forms do not, however, occur in any very 
considerable quantity, and the sources from which the 
large supplies of carbon are obtained are coal and vegetable 
matter. 

The tissue of plants is very constant in composition, and 
disregarding the moisture and the mineral ash left after 
combustion, amounting usually to about 1 per cent., dried 
wood is found to consist of 


Carbon ... 

Hydrogen 

Oxygen and nitrogen 


50 per cent. 


6 

44 


»> 


Where plants undergo decay and form thick accumula- 
tions of })eat> the relative proportion of tlie carbon increases, 
and the following may bo taken as the average composition 
of peat, leaving out of account moisture and mineral 
matter — 


Carbon ... 
Hydrogen 

Oxygen and nitrogen 


58 per ctmt. 

5 „ * 

37 „ 


In deposits of peat and the remains of vegetation which 
have lain for long periods of time this process of parting 
with the more volatile constituents and consequent increase 
in the proportion of carbon goes on, and instead of peat 
we have a much denser product known as brown coal or 
lignite , in which the structure of the vegetation composing 
it can, however, still be observed. Lignite varies greatly 
in composition, especially in regard to the amount of 
moisture and ash. Excluding these, it contains on the 
average — ^ 

• 

Carbon ... ... ... ... 66 per cent. 

Hydrogen ... ... ... 5 „ 

Oxygen and nitrogen ... ... 29 „ 


In the older formations of the earth’s crust there are 
large deposits of coal t which have resulted from long- 
continued action similar to the foregoing. The seams of 
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coal usually occur at some depth, and are overlaid by other 
strata. * The vegetable tissue from which coal is derived 
has thus been subjected to immense pressure and to 
increased temperature, and under these agencies, acting 
over long periods of time, the changes already noticed in 
the passage from woody tissue to lignite have been still 
further accentuated. Coal is darker in colour, denser, and 
more brittle ; as to composition, the following numbers 
may be compared with those given for wood, peat, and 
lignite— 


Carbon ... 

Hydrogen 

Oxygen and nitrogen 


Bituminous coal. Anthracite, 


84 per cent. 94 per cent. 
5 „ 3 ,, 


Over 200 million tons of coal are brought to the surface 
in the United 'Kingdom annually. 

In many localities, especially in South Russia and the 
United States, there are large deposits of petroleum — a 
mixture of various oils, but all composed of carbon and 
hydrogen, and hence termed hydrocarbons. 

And when we add the very extensive series of carbon 
compounds which have been prepared in the laboratory 
from coal and petroleum, and the products, such as starch, 
sugar, turpentine, albumen, stearin, etc., elaborated by 
plants and animals, we are in a position to appreciate the 
immense importance of thS element carbon. The study 
of such bodies is indeed set apart as a special branch of 
the science, and known as, Organic Chemistry , or the 
Chemistry of the Carbon Compounds . 

Finally, carbofl occurs in combination with oxygen as 
carbon dioxide in the air, and in vast deposits of limestone 
and dolomite. The carbon dioxide in air, being less than 
4 volumes in 10,000, might be regarded as insignificant, 
but the mass of the atmosphere is such that at this 
computation there must be very nearly a billion tons of 
carbon in it. 
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265. Allotropic Forms of Carbon. — (1) Diamond is a 
crystalline form of carbon ; it is found in South Africa 
and Brazil, usually as octahcdra or cubes, or as some 
modifications of these. Its value is due to its great 
hardness and brilliancy of lustre, and to the fact that 
it does not oxidise or undergo change even in presence 
of corrosive substances. It is the densest form of carbon, 
having a specific gravity of about 3’0, and is also the most 
difficult to ignite in oxygen. 

It is therefore not to bo wondered at that the composi- 
tion of diamond remained unknown until the time of 
Lavoisier, although it had been previously observed that 
diamond could be burnt and left no appreciable residue. 
Lavoisier about a century ago, by means of a burning 
glass, ignited diamond in air enclosed over mercury, and 
found that when it burnt, the gas which was formed 
turned lime-water milky and was carbon dioxide. Dumas, 
later, showed that carbon dioxide was the only product 
obtained when diamond is burnt in oxygen, fcnd that every 
12 parts by weight of diamond yielded 44 parts of carbon 
dioxide, according to the equation — 

C + 0 2 - C0 2 . 

12 32 44 

Diamond consists, therefore (with the exception of a 
minute quantity of ash), of pure carbon. 

Moissan has recently succeeded in preparing small 
diamonds artificially from chartjoal by means of the electric 
furnace. Iron and carbon are placed in a crucible which 
is then introduced into an glectric furnace and raised to 
a high temperature. The iron melts and dissolves the car- 
bon ; on now placing the crucible in a bath of molten lead 
tho outer layer of iron solidifies, contracts, and in so doing 
exerts great pressure on tho still liquid metal inside. 
Under these conditions some of the carbon crystallises 
out in the form of diamond. The iron is dissolved in 
hydrochloric acid, and the residue is found to contain 
small diamonds, some of which are colourless, others are 
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black (called carbonado). A portion of the residue is also 
in the form of graphite. 

(2) Graphite . — This also occurs naturally, being found 
usually in the older crystalline rocks. Cast-iron contains 
plates of this form of carbon, which can be seen at a 
freshly-fractured surface, and masses of it accumulate at 
the baso of blast furnaces. It is a soft, dark-grey sub- 
stance, with an almost metallic lustre, and possesses a 
much lower specific gravity (2-2) than diamond. 

It is usually found massive, but occasionally in six- 
sided crystals. When rubbed on paper it leaves a black 
mark, and is therefore used in making lead pencils. It 
is (unlike diamond) a good conductor of heat and elec- 
tricity, and on the latter account is used in electrotyping. 
Graphite is very infusible, and on this account is largely 
used in the manufacture of “ plumbago ” crucibles. It is 
also used as a lubricant for machinery and for polishing 
gunpowder. When strongly heated in oxygen graphite 
burns with formation of carbon dioxide ; the ash which 
is left consists of silica, ferric oxide, and alumina. Graphite 
is oxidised when gently heated with a mixture of KU10 3 
and HN0 3 , whilst diamond is unattacked. 

Artificial graphite is now manufactured by heating char- 
coal or coke with excess of iron in the electric furnace. 

(3) Amorphovs carbon is familiar to us as charcoal, 
lamp-black, or animal charcoal, which, however, ara usually 
more or less impure forms of carbon. 

266. Charcoal may bo obtained b} strongly heating 
wood or many other organic bodies in vessels from which 
air is excluded; or by the action of dehydrating sub- 
stances, such as strong sulphtiric acid, on these bodies. 

Exp. 160. — Heat a few pieces of wood in a hard glass tube over 
the flame of a Bunsen burner. Volatile vapours are at first given 
off and burn at the mouth of the tube ; when these are no longer 
to be Been, throw out the contents of the tube into water. The 
black charred product is wood charcoal. 

* 

Exp. 161. — Make about 100 grammes of sugar into a thick syrup 
by dissolving it in a small quantity of hot water, and place it in a 
deep 'flass cylinder ; then pour in about 100 o.o. of concentrated 
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sulphuric acid. Presently the liquid will blacken and froth con- 
siderably, and a mass of black charcoal much more bulky than the 
sugar originally taken will be formed. Wash this thoroughly with 
water till free from acid, and there remains carbon in a granular 
condition. 

Where wood is scarce, charcoal is prepared from it by 
distillation, as already mentioned ; but where it is plentiful 
and waste is not important, the logs are arranged in heaps, 
covered with sods or earth to allow only a small supply of 
air, and then slowly burned. 

267. Properties of Charcoal. — The chemical composition 
and properties of charcoal vary considerably with the 
kind of wood used and the temperature at which it is 
charred. When charred at a low temperature the charcoal 
is soft and light in colour, and it burns easily; it also 
contains a lower percentage of carbon than when charred 
at a high temperature. Thus a specimen of wood charred 
at a temperature of about 300° C. contained 70 per 
cent, of carbon and 45 per cent, of hydrogqp, while 
when charred at a full white heat it contained ^)6 per 
cent, of carbon and 0*5 per cent, of hydrogen. 

Wood charcoal has a specific gravity of about 1-5 ; yet 
when dry it floats on water. This is explained when a 
piece of .charcoal is placed on water under the receiver of 
an air pump : as the pump is worked, air escapes from the 
charcoal jind it gradually sinks. The charcoal is porous, 
and the air contained in its pores reduces its apparent 
specific gravity to about 0'2, the specific gravity of air 
being only about 0*0013 (wato$ — 1). 

Charcoal also absorbs other gases to a varying extent. 

Cocoa-nut charcoal, under favourable conditions, was 
found to absorb of — 

Ammonia 172 times ifs volume. 

Hydrochloric acid ... 165 ,, ,, „ 

Nitrous oxide ... 99 „ ,, ,, 

Carbon dioxido ... 97 ,, ,, „ 

On the other hand, charcoal only absorbs slightly more 
than its own volume of hydrogen. 
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Exp. 162. — Fill a test-tube with dry ammonia gas by displace- 
ment, and stand it over mercury in a trough. Heat a small piece 
of charcoal red hot in the crucible tongs, and plunge it, while still 
glowing, under the mercury ; then allow it to rise into the test- 
tube. The mercury rises in the tube as the ammonia is rapidly 
absorbed by the charcoal. 

This property of charcoal is used in deodorising and 
disinfecting sewers and hospital wards. The charcoal not 
only absorbs gases and the effluvia evolved by putrefying 
matter, but also rapidly oxidises them by means of the 
oxygen already present in its pores : this oxygen is more 
active than ordinary gaseous oxygen, and is even capable 
of killing bacteria. 

Exp. 163.- Mix a little finely-powdered wood charcoal with 
water, and pour the whole on to a filter paper in a funnel. Pour 
some sulphuretted hydrogen water through the charcoal and test 
the filtrate by lead acetate solution. No black precipitate of lead 
sulphide is formed, showing that the sulphuretted hydrogen has 
been oxidised by the oxygen absorbed in the charcoal, 

<r L 

Chat-coal also possesses the power of decolorising 
liquids ; for this purpose animal charcoal is more generally 
used (see § 270). 

Charcoal burns in air without flame or smoke, unless it 
has been prepared at a low temperature and is therefore 
very impure ; in excess of air carbon dioxide (C0 2 ) is 
produced, but in a limited supply of air carbon -monoxide 
(CO) is formed. 

268. Reducing action of # ‘ Charcoal, — On account of the 
ease with which it combines with oxygen, charcoal (and 
other forms of amorphous carbon) acts as a strong reducing 
agent at high temperatures. 

We have already had an example of a gaseous reducing 
agent in hydrogen, which, owing to its affinity for oxygon, 
reduces many oxides to the metallic condition. Also in 
Sulphurous acid or phosphorous acid we have instances of 
liquids as reducing agents, their activity being due to the 
ease with which they undergo oxidation to sulphuric acid 
and phosphoric acid respectively. In carbon we have a 
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solid reducing agent which finds very frequent employ- 
ment in operations conducted at high temperatures, the 
carbon under such conditions being oxidised to carbon 
monoxide or dioxide at the expense of the oxygen con- 
tained in the bodies with which it is mixed. 

Thus, most metallurgical operations involving a reduction 
of oxides to the metal are carried out with the use of 
carbon in the form of coke or coal, which is oxidised to 
CO or C0 2 in the process. 

Exp. 164. — Make an intimate mixture of about a gramme of 
finely-powdered oxide of lead (litharge) with about one tenth its 
weight of charcoal, and heat to redness in a hard glass tube or 
nriri'flain crucible for five minutes. Now throw some of the powder 
into a mortar with a little water and rub it up, using pressuio, 
with the pestle, and then wash away the charcoal by means of a 
stream of water. Pellets or plates of metallic lead will be 
obtained — 

2 PbO + C = 2 Pb + CO* 

* * 

Similarly, oxide of copper or bismuth may be reduced, 
and metallic copper or bismuth obtained from them. The 
reduction of iron ores, or oxido of zinc or tin, are examples 
of similar reductions carried out on the large scale. 

269. Preparation of pure Charcoal. — Pure charcoal 
may bo prepared by dehydrating pure cane-sugar as in 
Exp. 161, and then heating it in a current of chlorine, 
when any hydrogen present is removed as hydrochloric 
acid. An alternative method is to heat the cane-sugar in 
a platinum crucible when water is driven off ; the product 

is then treated with chlorine as before. 

• 

270. Animal Charcoal, or Bone Blacks— Another kind 
of charcoal is made by heating bones in closed iron retorts. 
It is a very porous mixture of charcoal with the mineral 
constituents of the bones, chiefly calcium phosphate. It 
is used for decolorising raw sugar, as it has the property 
already referred to of removing many colouring matters 
from solution. 
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Exp. 165. —Shake up with animal charcoal a hot solution of indigo 
or litmus for a few moments and then pour it on a filter ; the filtrate 
will be colourless. That the colouring matter is removed by the 
animal charcoal and not by the filter, may be shown by pouring a 
similar solution, which has not been treated by animal charcoal, 
through a filter paper. 

271. Lamp-black may be made by burning resin or tur- 
pentine, and bringing a cool surface, e.g . the under-side of 
a porcelain basin filled with cold water, into the flame. 
In this form, after treatment with chlorine, a particularly 
pure and finely-divided form of carbon is prepared. 

Lamp-black is used in making paint and printers’ ink. 

272. Gas-carbon and Coke. — Two forms of amorphous 
carbon are obtained by the destructive distillation* of coal 
(see §§ 285, 286), namely, gas-carbon and coke. The former 
is nearly pure carbon, but the latter contains all the non- 
volatile products present in the coal. Gas-carbon is very 
hard and has a specific gravity of 2 -35. It is a good 
conductor of electricity, and is on this account used for 
making the carbon electrodes of arc lights. 

273. In whatever form it occurs, carbon is infusible, but 

it volatilizes without fusion at the temporaturo of the 
electric furnace. It cannot be considered an element of 
great chemical activity, since at ordinary or moderate 
temperatures it does not combine directly with any of the 
elements except fluorine. At high temperatures, however, 
carbon does unite directly with a considerable number of 
elements, e.g . oxygen, sulphur, hydrogen, nitrogen, iron 
and aluminium. • 

274. Proof that the Allotropic Modifications of Carbon 
all consist of the Same Element. — The best proof consists 
in showing thaf whichever allotropic modification is used, 
12 parts by weight of it on combustion in oxygen yield 
44 parts by weight of carbon dioxide. We have already 
seen in § 265 that Diimas adopted this method in the case 
of diamond. The experiment may be carried out in the 

* The process o! destructive distillation consists in distilling a 
complex substance, such as wood or coal, out of contact with air, 
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following manner: — A small quantity of any form of 
carbon (say graphite) is accurately weighed out in a 
porcelain “ boat ” C (Fig. 64) ; this is then introduced 
into one end of a hard glass tube, the greater part of 
which is filled with granulated copper oxide. The tube is 
closed at each end with a one-holed rubber cork through 
which passes a short glass tube. The end of the tube at 
which the boat is placed is connected with a supply of dry 
oxygen, the other end with a series of bulbs containing 
strong caustic potash solution. These bulbs, together with 
a calcium chloride tube A (the object of which is explained 
in § 213, where a similar experiment is described with 
sulphur), are weighed, before being placed in position. The 
tube is now heated in a furnace ; at first only the burners 
under the copper oxide are lighted, but when this becomes 
red-hot the heating is extended to the boat and a slow 



Potash Bulbs 

Fig. 64. 


current of oxygen is passed through the tube. The carbon 
burns to carbon dioxide, which passes on and is absorbed 
by the caustic potash. Any carbon monoxide which is at 
first formed owing to incomplete combustion is converted 
into carbon dioxide during its passage over the heated 
copper oxide. When nothing remains in the boat but a 
trace of ash, and when bubbles of gas cease to be absorbed 
in the potash bulbs, the latfcqr are disconnected and after 
cooling are reweighed (together with the calcium chloride 
tube). The increase in weight gives the weight of carbon 
dioxide formed. The boat is also allowed to cool and is 
reweighed. The difference between the final weight of the 
boat (which includes the weight of the ash) and the weight 
of the boat + graphite (previously determined) gives the 
actual weight of graphite burnt (i e. the ash is allowed 
Cor). 

II. OHElt. 


X 
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Let Wj weight of boat + graphite. 

\V 2 = weight of boat + ash. 

Then - \V 2 = weight of graphite burnt. 

Also let W 3 = weight of KOII bulbs + CaCl 3 tube 
before absorption, 

and W 4 = weight of KOII bulbs + CaCl 2 tube 
after absorption, 

Then W 4 - W 3 — weight of C0 2 formed. 

It will then be found that whatever form of carbon is 

W — W 44 11 

used the ratio 1 * * 4 — A ^ is equal to -- or — . 

YV 1 — 'V n 1 Jo 


Hydrocarbons. 

275. These are compounds consisting of carbon and 
hydrogen alone. The direct combination of carbon and 
hydrogen in the laboratory can only be effected with 
difficult^ (marsh gas, CIL, and acetylene, C 2 H 2 , being 
formed), and yet the number of known hydrocarbons is 
exceedingly great 

They vary in physical and chemical character according 
to their composition, and according to the arrangement 
of the ultimate particles of carbon and hydrogen of which 
they are composed. Hydrocarbons containing a small 
number of atoms of carbon and hydrogen a to usually 
gaseous, such as marsh gas, CH 4 , ethylene or olefiant gas, 
C 2 H 4 , acetylene, C 2 H 2 ; and those whose composition is 
more complex are at ordinary temperatures liquid, such as 
pentane, C 5 II 12 , benzene, C 6 H 6 , oil of turpentine, C, 0 H 18 ; 
or solid, such as naphthalene? C 10 H 8 , anthracene, C 14 H 10 . 

The hydrocarbons may be arranged in series in accord- 
ance with ’the relative numbers of atoms of carbon and 
hydrogen which they contain — 

(1) The Marsh Gas Series (or Paraffins), the first member 

of which is marsh gas, CH 4 , and succeeding members, C 2 H 6 , 

C a H g , and so on, the general expression for the relation of 

ear bon to hydrogen being O n H 2D + r 
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(2) The Ethylene Series (or Olefines), the first member 
of wnich is ethylene, C 2 H 4 , and succeeding members, 0 8 H fl , 
C 4 H 8 , and so on, the general expression for the relation of 
carbon to hydrogen being C n H 2a . 

(3) The Acetylene Series , the first member of which is 
acetylene, C 2 H 2 , and succeeding members, C 3 H 4 , C 4 H fl , atad 
so on, the general expression for the relation of carbon to 
hydrogen being C n ll 211 _ ? . 

(4) Hydrocarbons having; the general formula C n II 2n _ 4 and 
C n H 2n _ fi , and others having still smaller proportions of 
hydrogen, are known, a familiar example of the C n H 2n _ fl 
series being benzene, C y ll 6 , the first member of this series. 

At this stage we shall only take into consideration the 
three hydrocarbons, marsh gas, ethylene, and acetylene. 


Marsh Gas or Methane, CTI f % 

276. Occurrence. — This gas is so called because it" is fre- 
quently generated in marshes or pools where vegetable 
’matter is in course of decay. The “ blowers” in coal- 
mines discharge large quantities of this gas, which from 
its inflafnmablo nature is termed “fire-damp,” and it is 
also formed in the destructive distillation of wood or coal, 
coal gas containing usually about 35 per cent, of marsh gas. 

277. Preparation. — When charcoal is heated in an atmo- 

sphere of hydrogen to a tempefature of 1,200° C. a certain 
amount of chemical combination takes place, with forma- 
tion of marsh gas. # 

It is also produced, together with acetylene, when electric 
sparks are passed between carbon poles ill an atmosphere 
of hydrogen. 

Marsh gas is prepared by strongly heating a mixture of 
anhydrous sodium acetate and dry soda-lime (lime which 
has been slaked by the addition of caustic soda solution) — 

CII„ ■ C0 2 Na + NaOH = Na^O, + CH 4 . 

Sodium acetal*. 
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Exp. 166. — Weigh out about 10 grammes of anhydrous sodium 
acetate and 30 grammes of soda-lime ; intimately mix them in a 
mortar and dry by gently heating in a porcelain dish. Introduce 
the mixture into a small hard glass flask provided with a cork and 
delivery tube, and heat strongly. Collect the gas which is evolved 
over water at the pneumatic trough. 

As thus prepared marsh gas is by no means pure ; it is 
contaminated with ethylene, C 2 II 4 , and hydrogen. The 
former may be removed to a large extent by passing the 
gas through a wash-bottle containing strong sulphuric acid. 

Pure marsh gas may be obtained by the action of nascent 
hydrogen on methyl iodide, CH 3 I. 

CH 8 I + 2 H = CII 4 + HI. 

Nascent. 

The methyl iodide is dissolved in a mixture of alcohol and 
water and zinc-copper couple added. The two last react 
with formation of hydrogen which then reduces the methyl 
iodide. /The presence of alcohol is necessary because methyl 
iodide is insoluble in pure water. 

278. Properties. — Marsh gas or methane is a colourless 
and odourless gas, which at 0° C. is condensed to the liquid 
form under a pressure of 140 atmospheres. It is only 
slightly soluble in water, 100 volumes of which at 0° C. 
dissolve 5*5 volumes of the gas. It bums with a v pale blue 
non-luminous flame, forming carbon dioxide and water 
vapour — 

CH 4 + 2 0 2 i= C0 2 + 2 H 2 0. 

With oxygen or air within certain limits it forms an 
explosive mixture, and the explosions occurring in coal- 
mines are usually due to the firing of such a mixture. 
With the halogen elements * it forms compounds in which 
part or even the whole of the hydrogen is replaced atom 

* Iodine does not act directly on marsh gas except in the presence 
of a substance such as iodic acid, which destroys the Hi as soon as 
it is formed, and so prevents it from exercising a reducing action 
on the substitution product formed, with re-formation of CH 4 . 
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for atom by these elements; this process is known as 
substitution , and the compounds produced are called sub - 
stitution 2 >rodticta as already mentioned in § 134. Thus 
when eqyal volumes of chlorine and marsh gas are mixed 
in diffused daylight , they gradually react with formation of 
methyl chloride, CH 8 C1, and hydrochloric acid — 

CII 4 + Cl 2 - CH 3 C1 + HC1. 

If more chlorine is present it gradually replaces the 
remaining hydrogen till finally the whole of the hydrogen 
is removed. The equations expressing the reactions which 
take place are as follows — 

CH 3 C1 + Cl 2 CH.CL + HC1. 

Methylene 

chloride. 

CH 2 Cl a + Cl 2 = CH(Jl a + HOI. 

Chloroform. 

CHCl. + CL = CC1. + HC1. 

8 2 Carbon 

tetrachloride. 

* 

On mixing chlorine and marsh gas in direct sunlight an 
explosion occurs with separation of carbon — 

CH 4 + 2 Cl 2 = C + 4 HC1. 

279. Composition of Marsh Gas. — This may be deter- 
mined by exploding a known volume (say 30 c.c.) with an 
excess of oxygen (120 c.c.) in a eudiometer; the carbon 
and hydrogen unite with oxygen to form carbon dioxide 
and water vapour respectively* No diminution in volume 
will occur if the experiment be performed at 100° C., that is, 
so long as the water remain^ in the form of vapour ; but 
when the water condenses, a diminution of 60 c.c. will be 
recorded. Carbon dioxide and the excess of oxygen re- 
main, and the amount of the former may be found by 
absorbing it with caustic pot-ash ; this will give a reduction 
of 30 c.c., the oxygen excess being 60 c.c. Expressing this 
shortly we have — 

2 vols. marsh gas + 8 vols. oxygen = 4 vols. water 
vapour + 2 vols. carbon dioxide + 4 vols. oxygen 
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Now water vapour contains its own volume of hydrogen, 
and two volumes of marsh gas therefore consist of four 
volumes of hydrogen, and that amount of carbon which 
is contained in two volumes of carbon dioxide, i. e. 
one atom. This would give us the composition CII 4 . 

We find, by weighing, that the density of marsh gas as 
compared with hydrogon is 8, so that its molecular weight 
must be 16 : this agrees with the formula CH 4 , for C **■ 12, 
H a 4x 1, and 12 + 4 - 16. 



Ethylene or Olefiant Gas, C 2 H 4 . 

280. This gas occurs as one of the products of the de- 
structive distillation of coal, and the luminosity of the coal 
gas flame is largely owing to its presence. 

Preparation. — Ethylene is prepared by heating a mixture 
of alcohol, GjILOH, and excess of sulphuric acid. Alcohol 
behaves towards sulphuric acid just like caustic potash 
does, i. e. it forms a salt with elimination of water — 
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KOH + H 2 SO. = KHSO. + H„0. 

C 2 II 6 OH + H 2 S0 4 = CLH,-HS0 4 + II 2 0. 

Kthyltijdrcigeu iiilphaU. 

The group of elements C 2 H 6 is called ethyl, and plays 
the part of a metal. 

When ethyl hydrogen Bulphate is heated, however, -it 
decomposes with formation of ethylene and sulphuric acid — 

c 2 h 5 -hso 4 = c 2 h 4 + n 2 so 4 . 

The last two equations represent, therefore, the two 
stages of the reaction which takes place in the preparation 
of ethylene. 

Exp. 167. — Mix together 200 c.c. of sulphuric acid and 
50 c.c. of water, and cautiously add 50 c.c. of alcohol. 
Pour into a wide-mouthed flask of about a litre capacity, 
fitted with a cork through which pass (1) a rather wide de- 
livery tube, (2) a thermometer, (6) a tap funqel (see Fig. 65). 
Heat the liquid on a sand-bath until the tenfperature 
rises to 165° G. and keep as near tins as possiblo. *If the 
alcohol is impure a good deal of frothing occurs, w r hich is, 
however., less troublesome if sand has been introduced into 
the flask. The gas should be passed through wash-bottles 
containing a solution of caustic soda to absorb carbon 
dioxide and sulphur dioxide, and collected over water, but 
the first three or four cylinders of it should be rejected, 
as they contain a very explosive mixture of ethylene and 
the air displaced from the flask and wash-bottles. 

Syrupy phosphoric acid of such a concentration that it 
boils at 200° C. may with advantage be substituted for 
sulphuric acid. When this is used the frothing and 
charring are avoided, and, C0 2 and being absent, the 
washing of the gas may be dispensed with. 

281. Properties. — Ethylene is a colourless gas which is 
freely soluble in alcohol, but only slightly soluble in 
water, 100 volumes of water dissolving about 25*6 volumes 
of the gas at 0°C. It is more easily condensed to the 
liquid form than marsh gas, requiring a pressure of 
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43 atmospheres at 0° C. ; the liquid boils at - 103° C. 
under normal pressure. The gas burns with a luminous 
flame, which is smoky unless it is diluted with hydrogen 
or marsh gas. Tt combines directly with chlorine to form 
an oily liquid, C 2 H 4 C1 2 ; hence the name olefiant gas. 

One molecule of ethylene also combines directly with 
one molecule of each of the following — bromine, iodine, 
hydrobromic acid, liydriodic acid, sulphuric acid, and with 
two atoms of nascent hydrogen. On account of this 
property of forming addition compounds ethylene is said 
to be unsaturated ; marsh gas, which only forms substitution 
compounds, is said to be saturated. 

With oxygen ethylene explodes on ignition much more 
powerfully than marsh gas, and groat care must be exercised 
in dealing with mixtures of ethylene with air or oxygen. 

The composition of ethylene is established by a similar 
method to that employed in the case of marsh gas. 


Acetylene, C 2 H 2 . 

282. This gas occurs in small quantity in coal gas, and is 
formed when coal gas is burnt with an insufficient supply 
of air, or when the dame is cooled by impinging on a cold 
surface. Carbon and hydrogen unite directly # to form 
acetylene when a powerful electric discharge is passed 
between carbon poles in an atmosphere of hydrogen. 

Preparation. — One methoH of preparation is described 
in the following experiment — 

• 

Exp. 168. — Fit into an ordinary lamp-chimney a oork through 
which passes a sho?t piece of straight wide tubing, and a second 
narrow piece bent at right angles, as shown in Fig. 66, and con- 
nected with the supply of ooal gas. Close the aperture at the top 
of the chimney, and allow the gas to escape by the straight tube 
until the air is displaced ; then light it at the lower extremity of 
this tube and uncover the aperture at the top of the chimney. The 
flame will then pass up the tube and attach itself to the inner 
opening where the air and coal gas meet, the flame area being 
air and the surrounding atmosphere being coal gas. The gas 
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escaping at the top of the chimney may be ignited, and here we 
shall have a flame of coal gas burning in air as in combustion under 
ordinary circumstances. In the flame burning in coal gas at the 
base of the chimney much acetylene is formed, and if a glass tube 
be passed through the upper flame and gas be aspirated from the 
inside of the lamp glass it will be found to contain acetylene. • An 
ammoniacal solution of cuprous chloride absorbs acetylene with the 
formation of a brown powder, cuprous acetylide, Cu 2 C 2 , a body 
which in the dry conclition detonates violently by friction or if 
heated.* If this body be prepared by aspirating the gas as above 
through such a solution, then pure acetylene may be liberated from 
the moist cuprous acctylide by acting on it with hydrochloric 
acid — 


Cu 2 0 a + 2 HC1 = CujCla + CjIIy 



The most convenient mode of preparation consists in 
treating calcium carbide, Ca@ 2 (a grey solid obtained by 
heating lime or limestone and coke in an electric furnace), 
with water — 

CaC 2 + 2 U 2 0 - Ca(OIl) 2 + C 2 tt 2 . 

Xzp. 169. —Place a small lump of calcium carbide under a cylinder 
of water inverted in a trough of water. Acetylene is formed without 
heating and rises up into tne cylinder. 
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283. Properties. — Acetylene is a colourless gas which 
possesses an odour of garlic ( not the odour observed when 
a Bunsen lamp burns at the base) ; it is poisonous. 

Water dissolves its own volume of the gas at ordinary 
temperatures, and it may be condensed to a liquid under 
a pressure of 48 atmospheres. It burns with a luminous 
smoky flame, and forms very explosive mixtures with air 
or oxygen. 

By using a burner with a very fine hole, the flame of 
acetylene becomes non-smoky and exceedingly luminous. 
As might be expected, the gas is employed to a considerable 
extent for illuminating purposes, e. g. in bicycle lamps, and, 
more recently, for house illumination where coal gas is not 
available ; it is generated as required by the action of water 
on calcium carbide, for it cannot safely be stored under 
pressure on account of its tendency to explode when com- 
pressed. Acetylene is also used to increase the luminosity 
of other gases, such as oil gas. 

Acetylene 'combines directly with either one or two 
molecfiles of chlorine or bromine ; it is therefore more 
unsaturatcd than ethylene, which can only take up one 
molecule of each of those elements. It also combines 
directly with the halogen acids and with nascent hydrogen. 


Coal Gas and Wood Gas. 

284. Before dealing with the manufacture of coal gas on 
the largo scale it will be wejl to examine the action of heat 
on coal by experiment. 

Action of Heat on Coal. — * 

Exp. 170. — Examine a coal fire, or heat a small piece of coal in a 
gas flame. You vfrll notice the soAening of the coal where it is 
heated, the giving off of ari inflammable gas, and the final burning 
of the coal. The coal also lights easily. 

Exp. 171. — Take a jar of oxygen and lower into it a small piece 
of coal on a deflagrating spoon after lighting a corner. When the 
coal has stopped burning, test the contents of the jar for water by 
means of anhydrous copper sulphate and for carbon dioxide by lime 
water. 
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The products of combustion are thus seen to be carbon 
dioxide and steam. 


Exp. 172. — Set up the apparatus 
shown in Fig. 67. A is a hard 
glass tube about G inches long. 11 
is a u ide test-tube. Before placing 
A in position half-fill it with dry 
coal dust and shako to make an 
air spaco over tho coal dust. IT tut 
the tube carefully. Note tho for- 
mation of smoko and brown fumes 
which condense to a liquid in I>. 

This liquid separates out into 
t*™ layers ; tho upper layer is an 
aqueous solution of various sub- 
stances— gas liquor, the thick brown lower layer is tar. After some 
time apply ft light to tho gas escaping at C ; it burns ; this inflam- 
mable gas is coal gas. Tost the gas with lead acetato paper ; noto tho 
blackening, showing the presence of sulphur compounds in the gas. 
When tho gas has stopped coming off break tho tube A and note'the 
bard coke, 

• » 

285. Manufacture of Coal Gas. — This experiment is 
repeated on the large scale in the manufacture of coal gas. 
This process requires the use of special plant, which may be 
described in outline as follows. 

The coal is heated in horizontal tubular fireclay retorts , 
a, somewhat Q shaped in section and six or more feet long. 
The open*end of the retort is tightly attached to the iron 
furnace front b, which has for each retort a door c, through 
which coal can be shovelled in and coke removed, and also 
a vertical iron pipe, the risinymain d , through which the 
gas is driven by the decomposition. 

The retorts are generally arranged in groups of five for 
convenience of heating by a single furnace below each 
group, and are now generally tubular, with a door and 
rising main at each end. 

In order to prevent the escape of gas during the charging 
of the retorts with coal, a curved pipe leads from the side 
of the rising main into a horizontal pipe, the hydraulic 
main 6 . This main contains condensed coal tar and water, 
below which the entering pipes dip, thus effectually sealing 
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themselves against small changes of pressure. The level 
of the liquid in this main is kept constant by allowing any 
excess to flow off into the tar pit f. 

The gas given off contains vapour of the tar and ammonia, 
and is too hot to be purified. It is now passed through a 
series of pipes, the condensers at first of large diameter 
to condense the tar, and later of smaller diameter to cool 
the gas for complete purification and to remove more tar. 
All the condensed liquids are collected in the tar pit, and 
separate into two layers, the lower the gas tar, and the 
upper an aqueous solution containing ammonia and ammo- 
nium salts, the gas liquor . 



From the condensers the gas rises through a larger 
vessel full of coke, the scrubber k % in which it meets a fine 
spray of water, which removes all traces of ammonia. 
This liquid, together with the gas liquor from the tar pit, 
is mixed with sulphuric acid to expel gaseous compounds 
of sulphur (H 2 S, etc.) and to recover the ammonia in the 
form of ammonium sulphate. 

After leaving the scrubber'the gas passes through three 
to six feet of slaked lime contained in the purifiers m. 
These are square gas-tight iron tanks sealed with water, 
and containing the slaked lime spread on wooden grids in 
layers about six inches deep. The gas passes through this 
lime, which absorbs sulphuretted hydrogen and carbon 
dioxide, and other sulphur compounds, forming a mixture 
of calcium sulphide, carbonate, etc., the spent lime or gas 
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lime . ' To remove as much as possible of the Bulphur com- 
pounds, the gas is generally passed through ferric hydroxide 
contained in another purifier ; the ferric hydroxide is 
reduced to ferrous sulphide and sulphur is deposited. This 
mixture on being exposed to the air becomes oxidised, and 
may be used again until the sulphur is present in too great 
excess. 

After leaving the purifiers the gas passes over into the 
gas holders /?, where it is stored over water until it is 
required for use. 

A ton of coal yields about 10,000 cubic feet of coal gas, 
which varies in composition, but contains approximately — 

Hydrogen 

Marsh gas 

Carbon monoxide 

Ethylene, etc.... 

Nitrogen and oxygen 

Thus about 96 per cent, of the product has littld or no 
illuminating power, this property being mostly due to the 
5 per cent, of ethylene, etc. 

Coal tar is a mixture of many organic substances which 
are separated by fractional distillation. Among the most 
important? aro benzene, naphthalene, anthracene, used in the 
manufacture of dyes, and phenol (carbolic acid). 

286. Coke. — The residue in* the retorts after the dis- 
tillation of all the volatile products from coal is composed 
of two substances, coke and ga^carbon. The former is found 
in the centre of tho retorts and consists principally of carbon, 
but contains all the non-volatile mineral matter present 
in the coal (i. e. the ash), and also small quantities of hydro- 
gon, nitrogen and oxygen ; the latter occurs as a deposit 
on the roof and sides of the retorts and is nearly pure 
carbon. Gas-carbon has been sufficiently fully treated in 
§ 272. We shall, however, study coke at somewhat greater 
length. 


50 per cent. 
35 „ 

8 „ 

5 n 

3 „ 
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The amount of ash in coke varies with the coal used, 
but the average composition is — 


Carbon 

9 15 per cent. 

Hydrogen ... 

0-4 

Nitrogen and oxygen 

21 „ 

Ash 

60 „ 

Exp. 173.— Try to light a 

piece of coke in a flame : it floes not 


bum so readily as coal, and requires a higher temperature to set it 
on fire. 

The temperature obtained by burning coke is very high, 
and, as there are no volatile products, there is generally 
neither luminous flame nor smoke from dry coke. 

Blue flames are often noticed playing above a brightly 
burning coke fire: these are flames of carbon monoxide, 
formed by the reaction between carbon dioxide and red- 
hot carbon. 

Coke is not pnly obtained as a by-product in the manu- 
facture of coal gas, but it is also specially manufactured by 
heating coal to redness in coke ovens. The coke so pre- 
pared is very dense and is used in iron smelting. 

287. Action of Heat on Wood. — When wood is heated 
in the air it chars, gives off inflammable gases, and burns, 
leaving a black mass of charcoal, which slowly burns 
away. 

Exp. 174. — Repeat Exp. 172, using small pieces of wood (e. g. 
matchstalks) instead of coal di^t. Note the formation of water, 
tar, inflammable gas and charcoal. 

Thus the distillation of wopd and of coal in absence of 
air gives similar products ; for we obtain wood gas, a water 
distillate, wood tar, and charcoal. Wood gas is used for 
illuminating purposes in Germany and Switzerland. The 
temperature of distillation must be very high, however, or 
the gas does not contain sufficient illuminating gases 
(heavy hydrocarbons) to be of any use for lighting pur- 
poses. The high temperature decomposes a large quantity 
of liquid oils which would simply distil over if a lower 
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temperature were used. This decomposition is helped by 
the use of cast-iron retorts instead of clay retorts. 

The composition of wood gas as used for illuminating 
purposes varies between the following wide limits : — 

Hydrogen ... ... ... 18 to 42 per cent. 

Marsh gas ... ... ... 9 to 35 ,, 

Carbon monoxide ... ... 22 to 62 „ 

Ethylene, etc.... ... ... 9 to 35 „ 

Practically no sulphur compounds are produced, but a 
considerable amount of carbon dioxide is given off, which 
is removed by slaked lime as in the case of coni gas. 

The watery distillate contains only a small quantity of 
ammonia, but a number of organic substances are prepared 
from it, of which the chief are wood vinegar (acetic acid), 
wood spirit (methyl alcohol), and acetone. 

Wood tar contains many organic substances, of which 
creosote is the most important \ the latter is ‘used for the 
preservation of timber. * 

The residue left in the retort after the distillation is 
wood charcoal , which has already been described. 

288. Mineral Oils. — Reference has already been made to 
the naturally occurring mixture of h} r drocarbons known 
as petroleum or natural oil . The constituents of this 
mixture have different boiling-points and may, therefore, 
be separated by distillation, tho receiver being changed 
at intervals. The chief products are: — Petroleum ether 
(b. pt. 40° — 70°), gasoline and petrol (b. pt. 70° — 90°) # 
tnese three fractions have a specific gravity 0*65 — 070 ; 
they are too inilammablo for use as illuminants, but are 
employed as solvents for resins and oils in the manufac- 
ture of lacquers and varnishes and for the production of 
explosive mixtures in gas engines : benzine or benzoline 
(b. pt. 90° — 120° ; sp. gr. 070 — 074) is used for dissolving 
oils and greases and for small lamps ; this fraction is also 
called ligroin : cleaning oil (b. pt. 120° — 170°) is used 
for the purpose which its name implies, and also instead 
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of turpentine in making varnishes : kerosene or paraffin 
oil (b. pt. 150° — 300°) is used for illuminating and heating 
purposes. The portion which distils over above 300° C. is 
partly liquid and partly solid at ordinary temperature. 
The liquid part is called lubricating oil and is used for 
lubrication. The solid is paraffin wax . It is separated 
from any adhering liquid by means of filter presses, and 
used in the manufacture of candles, night-lights, etc. 

Vaseline is the residue which remains when some of the 
American petroleums are distilled in vacuo at low tem- 
peratures. 

The oils obtained by distillation are generally free from 
sulphur, but are dark in colour. They are refined by 
agitation with sulphuric acid, followed by treatment with 
dilute caustic soda solution, by which means they are 
rendered nearly colourless and fit for use in lamps. 

Shale oil is obtained by distilling oil shale , a bituminous 
shale found in large quantities in the coal measures in 
Mid-Lcthian/ The shale is broken up into small fragments 
and heated in vertical retorts, and the products of the 
distillation are passed through a condensing apparatus 
consisting of a long series of pipes, the arrangement being 
similar to that used in the manufacture of coal gas , the 
distillation is assisted by passing steam in at the base of 
the retorts. The liquid products collect in two layers, the 
lower consisting of an aqueous solution of ammonia and 
other substances, and the upper of oil and tar. The 
latter is a greenish brown mixture closely resembling petro- 
leum, and on fractional distillation it yields a number of 
products which are very similar to those obtained from 
petroleum. 

289. Natural Gas. — In certain localities, particularly 
Pennsylvania in the United States, a natural gag which 
consists largely of hydrocarbons has accumulated in cavities 
in the earth's crust, and when borings are made which 
reach to these cavities, the gas, which is under great 
pressure, rapidly rises to the surface. This gas is largely 
used for illuminating purposes. 
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Oil gas is made by introducing that portion of shale 
oil which has a specific gravity of about 0 85 into retorts 
heated to bright redness, when the complex hydrocarbons 
of which the oil is composed are broken up, yielding a 
number of •simpler gaseous hydrocarbons. Oil gas is much 
used for illuminating trains and for enriching ^oal gas. . 


QUESTIONS.— CHAPTER XXI. 

1. Show in tabular form the percentage of carbon and 

hydrogen in (a) wood, (b) poat, (c) lignite, (d) bitu- 
minous coal, ( e ) anthracite. 

2. Taking the atmospheric pressure as 15 lbs. on the 

square inch, calculate the weight of carbon' in a 
column of the air whoso base is a square mile, the 
carbon dioxide present being 0 06 per cent, by 
weight. 

3. Compare the densities of diamond, graphite and 

amorphous carbon. What do you regard as a full 
and ^sufficient proof that each of these bodies consists 
of the same element 1 

4. Describe how Moissan has succeeded in preparing 

artificial diamonds. 

5. How would you prove that sugar contains carbon 1 

6. IIow is wood charcoal manufactured 1 Describe ex- 

periments illustrating its chief properties. 

7. What is animal charcoal, how is it piopared, and for 

what purpose is it used 1 

8. How would you show by experiment that a hydro- 

carbon contains carbon and hydrogen, and that it 
consists entirely of these elements 1 

9. Where is marsh gas found to occur naturally, and how 

is it usually prepared in the laboratory 1 
U. OHEM. Y 
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10. How can it be proved that the formula for marsh gas 

is CIl 4 ? 

11. Describe in detail the preparation of ethylene from 

alcohol. 

12. Explain the terms — substitution compound , addition 

compound \ unsaturated compound , saturated com - 
pound. 

13. How may marsh gas be distinguished from ethylene ? 

14. Describe with equations the chemical changes which 

take place when ethylene is burnt in air and in 
chlorine. 

15. Under what circumstances is acetylene formed during 

combustion of l^drocarbons ? Can you suggest any 
means of determining the amount of acetylene in a 
mixture of hydrogen and acetylene 1 

16. How may acetylene be obtained in the pure condition 1 

17. What are the chief properties of acetylene, and for 

what purposes is it employed 1 

18. Describe *how you would investigate experimentally 

*lhe action of heat on coal in the absence of air. 

19. Write a short account of the chief products of the 

destructive distillation of coal. 

20. What aro the chief products obtained from crude 

petroleum, and for what purposes are they employed 1 

21. State what you know about natural gas and oil gas . 

22. O' 1931 grammes of diamond gave on complete combus- 

tion 0*704 grammes of carbon dioxide. Calculate the 
percentage of ash in the diamond (C = 12, O = 16). 

23. What volume of ammonia will be absorbed by 10 

grammes of charcoal if the density of the charcoal is 
1*5 *hnd if it absorbs 172 times its volume of the 
gas? 

24. 20 c.cs. of, marsh gas are exploded with 50 c.cs. of 

oxygen. What will be the volume of the resulting 
gas? Also what diminution in volume will take 
place on treating the resulting gas with excess of 
caustic potash? 

All volumes are supposed to be measured under 
standard conditions of temperature and pressure. 
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25. 30 c.cs. of ethylene are exploded with 150 c.cs. of 

oxygen and the resulting gas treated with excess of 
caustic soda. What volume of gas will remain and 
of what will it consist] 

All volumes are supposed to be measured at atmo- 
spheric temperature and pressure. 

26. 10 c.cs. of acetylene measured at 120° C. and 750 m.m. 

pressure are exploded with 80 c.cs. of oxygen measured 
at the same temperature and pressure. What will 
be the volume of the resulting gas if the temperature 
and pressure suffer no change, and of what will it 
consist I 



CHAPTER XXII. 

COMBUSTION. 

290. Incandescence. — When the temperature of a body 
is raised to such a degree that it gives out light, it is said 
to be incandescent, or in a state of incandescence . 

Exp. 175. — Take pieces of platinum wire, iron wire, magnesium 
ribbon, IJack lend, charcoal, and some iron filings. Heat the first 
five ant^ drop the filings through a flame, holding the burner aslant. 
In each case light is given out. While the platinum and iron wires 
and black lead return to the same state on cooling, the magnesium, 
charcoal and iron filings are changed by oxidation. 

Exp. 176. — Heat carefully about two grammes of ammonium bb hro- 
mate in a porcelain basin, removing the flame as soon as a change 
takes place. Note that the change from red crystals to green powder 
is attended by incandescence. 

Incandescence may thus be produced either by external 
heating or by the heat arising from chemical change. 

Liquids and gases may* also become so hot as to be 
incandescent, as in the flash seen during the explosion of a 
mixture of hydrogen and oxygen. The most common 
example of the incandescence of gases is afforded by flames. 

291. flame. — Whenever a gas or vapour is brought into 
an atmosphere with which it can react chemically, and the 
heat generated is sufficient to bring about incandescence of 
the particles, flame is produced. The beat is generated and 
the incandescence effected in the region where the reaction 
is carried on, that is, at the surface where contact occurs 
between the two gases, as is seen when a jar of hydrogen 
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burns mouth downwards. When we speak of hydrogen 
and coal gas as being combustible gases, and of air as being 
a supporter of combustion, we imply that hydrogen and 
coal gas, when once ignited, burn in air. In ordinary 
flames this is the case ; we have seen, however, in Exp. 168, 
that a jot of air can be made to burn in an atmosphere of 
coal gas. 

In either case the flame marks the surface of contact 
between the air and the coal gas, and is the region where 
the chemical changes take place which transform the 
hydrogen and carbon of the coal gas into water and carbon 
dioxide as ultimate products. 

Where the gases are intimately mixed and then ignited 
the burning takes place with great rapidity, and an explo- 
sion of a more or less violent nature ensues ; but where a 
regular supply of the combustible product impinges upon 
the atmosphere in which it burns, a more or less steady 
flame is the result, the particular form of which is deter- 
mined by the nature of the jet and the shaping influence of 
air-currents. * 

• 292. Point of Ignition. — In any case, before flame can 

be produced at all, the temperature of the combustible 
body must first reach a certain limit known as the point 
of ignition . This temperature varies with different bodies : 
the vapour of carbon bisulphide may be ignited by a glass 
rod heated only to 150° 0., whilst for hydrogen or coal gas 
a dull red heat (600° C.) is insufficient. 

Exp. 177. — Place in small basins or little tin saucers two or three 
drops of benzoliue, a few drops of paraffin, and a small piece of paraffin 
wax, and apply a light to each. $ The benzoline burns at once, the 
paraffin oil must be slightly wanned, while the paraffin wax must be 
heated over a burner before it will light. In the^e cases the temper- 
ature of ignition is called thv flash point. 

Conversely, a flame is extinguished if its temperature is 
by any means reduced below the point of ignition of the 
vapours consumed in it. 

Exp. 178.— Hold a piece of wire gauze (about thirty meshes to the 
inch) horizontally over a Bunsen burner and about an inch above the 
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orifice (Fig. 69). Turn on the gas and light it on the upper side of the 
gauze. The flame will not be commu- 
nicated to the stream of gas on th«* under 
side of the gauze. 

This is explained by the fact 
that the metal of the wire gauze 
is a good conductor of heat. The 
heat received from the flame is 
rapidly conducted away by the 
gauze and dissipated, chiefly by 
radiation. This continuous loss 
of heat prevents the temperature 
of the gauze from reaching the 
ignition point of the gas, and, as the gas below the 
gauze can only become heated by contact with the gauze, it 
does not become ignited. 

Exp. 179. — Make a piece of the wire gauze into a cylindrical roll, 
and place a candle within it. Now direct the flame of a Bunsen 
burner against the outer surface of the 
gauze ; the wax may be melted, but the 
candle cannot be lighted unless the gauze 
is heated to redness. The reason for this 
will be gathered from the explanation 
given in the previous experiment. 

The Davy Lamp (Fig. 70 ) is a 
similar arrangement, in which an 
oil lamp is shut in by 'a layer of 
gauze; and, even if such a lamp 
be entirely surrounded with in- 
flammable gas, this will not become 
ignited, although the inflammable 
gas - which passes through the 
gauze may burn inside it and All 
the space above the oil lamp with 
flame. If, however, the gauze 
becomes strongly heated, or if the 
Fio. 70. flame should be mechanically driven 

through the meshes, communication 
with the inflammable atmosphere outside may be estab- 
lished, and ignition will then take place. 





COMBUSTION: 


327 


293. The Candle Flame. — The inflammable matter in a 
candle is the wax or tallow, consisting of compounds con- 
taining carbon and hydrogen. The wax is melted and 
passes up into the wick, which serves as a still supplying 
the vapours of carbon compounds to the space immediately 
surrounding it. That such a space exists containing com- 
bustible vapours may easily be shown by the following 
experiment : — 

Exp. 180 . — Depress a sheet of stout paper quickly into a candle 
flame to the lovel of the top of the 
wick, and hold it steadily there for 
about a second. On withdrawing 
it, a ring of sooty deposit will bo 
seen, and within it a clear space. 

Secondly, take a glass siphon -tube, 
as shown in Kig. 71 , and bring the 
shorter limb into the centre of the 
flame ; presently yellowish-brown 
vapours will be seen to pass down 
the tube and issue at the other end. 

These vapours will be found to 
be inflammable, and may be burnt ^ _ 

.at the end of the tube. 

We can distinguish in the 
candle flame — 

(1) A central zone sur- B 
rounding the wick, and con- 
taining vapours of carbon 
compounds — the zone of no 
combustion (A in Fig. 71) ; 

(2) A blue non-luminous 

zone, B, at the base ; • Fig. 71. 

(3) A luminous zone, C, 
surrounding the dark central zone; and* 

(4) A faintly luminous mantle L>. Under ordinary 
circumstances this zone is not easily seen, but if a little 
finely-powdered common salt is sprinkled over the flame, it 
will flash out as a golden-yellow fringe, the colour of which 
is due to the salt. 

The mantle can also be seen as a golden band above the - 
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wick by looking just above the glowing tip of the wick 
projecting through the side of the flame. 

The changes which take place in the different zones are 
somewhat as follows : — (A) Vaporisation of the carbon 
compounds. As these pass up this zone decomposition 
takes place, with gradual formation of acetylene and from 
it of dense hydrocarbons, and finally of free carbon par- 
ticles. • (B) The hydrocarbons present undergo partial 
combustion, with formation of carbon monoxide, hydrogen, 
and water — 

CII 4 + 0 2 = CO + H 2 + HA 
C 2 H A + 0 2 = 2 CO + 2 II 2 . 

(C) The changes which take place in this zone are very 
complex. The formation of dense hydrocarbons and 
separation of carbon particles is continued. Also in- 
complete combustion takes place with formation of carbon 
monoxide, carbon dioxide, hydrogen, and steam. The 
luminosity of this zone is due to the presence of the solid 
carbon particles and dense hydrocarbons, which become 
incandescent owing to the heat evolved by the chemical 
reactions which are taking place; (D) Here the products 
of zones (B) and (C) are mixed with excess of air and 
burnt completely to carbon dioxide and water. 


294. The Gas Flame. — A coal-gas flame has the same 



Fig. 72 . 


four zones as a candle flame ijnloss the 
jet is very small. As its size is reduced 
the luminous zone gradually diminishes 
relatively to the non-luminous zones, and 
when the jet is very small it entirely 
disappears. The flame now consists of 
three zones only, and presents the appear- 
ance shown in Fig. 72. 

A is the zone of no combustion. B is 


the zone of incomplete combustion; it is 
blue, like zone B in Fig. 71, to which it corresponds. In 
the mantle 0 the combustion is complete. Between the 
flame and the burner there is a space E containing un- 
burnt gas; it is part of the zone of no combustion. 
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JSxp. 181. — Examine a gaa-jet when turned on full, and note the 
zones as in the candle flame (§ 293). The mantle can be shown to be 
hot by means of a thin piece of wire held across the flame. Note the 
changes in the character of the flame as the gas is gradually lowered, 
and the gradual disappearance of the lnminous zone. 

295. Luminosity of Flame. — There are three factors, some 
or all of which are concerned in the luminosity of flame — 
(1) the presence of solid particles ; (2) the density of the 
flame gases; (3) the temperature. At one time it was 
believed that (1) and (3) were the sole causes ; this was 
Davy’s theory, and it was supported by the following 
facts : — 

(а) Most flames in which no solid particles can be present 
are practically non-luminous : e. g. hydrogen burning in 
oxygen. 

(б) Non-luminous flames become luminous when solid 
particles are introduced into them: e.g. linely-divided char- 
coal or lime blown into an oxyhydrogen bio wpif^ flame 
makes it luminous. 

(c) A glass rod held in a candle flame becomes covered 
with soot only on the under side. If the interior of the 
flame consisted of vapours which deposited soot because 
they were cooled down by the rod, the deposit should be all 
round. 

(d) Luminous flames, like that of a candle, when placed 
between a brighter light and a screen, cast a shadow ; non- 
luminous flames cast no shadow. 

That the luminosity of somS flames is not due to the 
presence of incandescent solid particles is shown by the 
existence of luminous flames in which no solid matter can 
possibly be formed : e. g. the flame produced when phos- 
phorus or phosphoretted hydrogen burns' in oxygen, or 
arsenic burns in nitric oxide or oxygen. At the temperature 
of the flame in these cases all the possible products of com- 
bustion are gases. According to Frankland’s theory, lumin- 
osity is due to the presence of heated gases, the luminosity 
increasing with the density of the gases. This is supported 
by the following facts : — 
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(a) A candle burns at high altitudes or in an artificially 
rarefied atmosphere with greatly-reduced luminosity. 

( b ) The flame of hydrogen burning in oxygen becomes 
luminous when the gases are under a pressure of two 
atmospheres. 

The effect of the temperature of a flame upon its lumin- 
osity may be studied by experiment. 

Exp. 182. — Make a short coil of stout copper wire by giving it half- 
a-dozen turns round a piece of glass rod about 5 inm. in diameter, 
leaving only a small space between one coil and the next. Bring the 
coil into the upper part of the luminous zone of a candle flame : the 
flame will become smoky ; if it be quickly depressed to the level of the 
wick, the flame loses its luminosity, and, indeed, may be extinguished 
altogether. 

Exp. 183. — Fill a gas cylinder with oxygen and lower a lighted 
candle into it : the flame becomes ranch shorter and brighter. 

In the first case, copper, which is a good conductor of 
heat, conveys 1 away heat from the flame, and lowers its 
tempeVature to such an extent that the solid particles of 
carbon can no longer keep up their luminosity; they escape 
combustion and pass off as smoke. Indeed, the vapours 
may also be cooled below their ignition point, in which ease 
the flame is extinguished altogether. 

In the second case, the heat given out is not utilised in 
raising the temperature of the nitrogen of the air, but is 
all available for heating the particles of carbon. 

Thus, raising the temperature of a flame increases its 
luminosity, and lowering ‘its temperature decreases its 
luminosity. 

The effect of cooling is often noticed in very cold weather, 
when the gas, if carried by exposed pipes, does not possess 
its usual illuminating power : this is partly due to the con- 
densation of volatile liquid and solid hydrocarbons con- 
tained in the gas, and also to the extra amount of heat 
required to raise both gas and air to the temperature of 
incandescence. 

In ordinary flames used for various purposes all three 
causes operate and may be utilised. 
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296. The Batswing and Fishtail Flames. — In these 
dames the gas is made to issue from a narrow slit (fishtail) 
or from two jets which impinge on each other (batswing). 

By these devices the flame is flattened. This enlarges 
the surface of gas exposed to the air, and thus increases 
the rate of combustion and the luminosity. 

297. The Bunsen Flame. — This flame is produced by 
mixing air with the gas which is 
to be burned, in such quantity as 
to render the combustion nearly 
perfect and the flame non-luminous. 

The gas is supplied through a small 
jet placed inside a wide tube, so 
that the rush of gas sucks in air 
through holes at the bottom ; the 
mixture of gas and air passes up 
the tube, and is ignited at its mouth. 

The Bunsen flame consists of 
three zones (Fig. 73). A is the 
zone of no combustion. In B 
"(pale blue) incomplete combustion 
takes place, the hydrocarbons being 
in excess, and in C (very pale 
blue) the combustion is complete, 
air beiilg in excess. The non- 
luminosity of a Bunsen flame is 
caused by (1) increased oxidation 
by which the separation of* solid 
particles of carbon is prevented, or 
at any rate reduced ; (2) dilution y IG . 73. 

by the nitrogen of the air — this 

raises the temperature required for the decomposition of 
the hydrocarbons of coal gas ; (3) cooling by the large 
volume of air introduced. The result of (2) and (3) is 
that the gases reach the outer zone where air is in excess 
and are completely burnt up, before they attain the tem- 
perature at which dense hydrocarbons are formed and 
carbon particles separate. 
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298. Oxidising and Reducing Flames. — The foregoing 
paragraphs show that heated hydrocarbon vapours have 
the power of combining with oxygen in the gaseous con- 
dition to form carbon monoxide or dioxide, hydrogen, and 
water vapour. They have thus the power of abstracting 
oxygen from many solid oxides or bodies containing oxygen. 
This property may readily be shown either by means of the 
flame of a Bunsen burner or of the blowpipe. 

Exp. 184. — Partially close the holes at the base of the Bunsen burner 
until there appears a well-defined luminous tip (A in Fig. 74) within 
the flame owing to the reduction of the air supply. Now introduce 
within the luminous area a small amount of barium sulphate on a loop 
of thin platinum wire, and hold it there steadily for two or thiee 
minutes. 


Arr 


c 

Flu. 75. 


In Pur. 71 
A is reducing urea 
BUD is oxidising area 

B low temperature oxidising area 
C high 


In Pig. 75 
A is reducing area 
B is oxidising area 


Fig. 74. 




The substance will be found to have changed in character, for, whilst 
the barium sulphate originally taken is unacted upon by hydrochloric 
acid, the resulting body when moistened with dilute hydrochloric acid 
evolves an odour of sulphuretted hydrogen. The sulphate of barium 
(BaSO*) has been deprived of its oxygen, and has become barium 
jutyhiae (BaS) ; this on treatment with dilute hydrochloric acid is 
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transformed into the solublo chloride of barium with the evolution of 
sulphuretted hydrogen (1I 2 S) — 

BaS + 2 HC1 = BaCLj + H a S. 

Similarly, oxide of lead or copper may be reduced to 
metallic lead or copper when brought into the inner flame 
A of the blowpipe (Fig. 75). Wherever in a flame .the 
hydrocarbons predominate and the supply of oxygen is 
limited such a reducing action prevails ; and wherever in a 
flame the supply of oxygen is in excess of that required to 
consume the hydrocarbons, as in the outer zone of the 
candle or the Bunsen burner or the blowpipe flame, an 
oxidising action is experienced. This may be shown by 
Bringing metallic tin or other metals into the outer margin 
of the Bunsen flame. 

299. Definition of “Combustion.” — The term combustion 
has hitherto been u^ed in the popular sense to indicate the 
burning of a substance in air. Chemists, however, usually 
assign a broader meaning to the term, as follows : — Com- 
bustion is chemical reaction between two siibstanch accom- 
panied by the induction of heat and light. Ther6 is no 
restriction as to the nature of the reacting substances. 
Some writers include under the term combustion such pro- 
cesses of oxidation as the rusting of iron in moist air, in 
which heat only, not light, is produced ; but this is, perhaps, 
carrying the use of the term too far. 

Usually the substance which is outside during the com- 
bustion is spoken of as a supporter of combustio?i f and that 
which is inside as the combustible body; but, as has been 
shown above in the case of co?fl gas and air, the supporter 
of combustion and the combustible body can change places. 
This holds also in other cases, so that the terms are only 
relative. 

Since the external substance is usually^ air, a substance 
is commonly said to be combustible or not according to 
whether it will or will not burn in air. Thus, hydro- 
gen, phosphorus, and carbon monoxide are combustible; 
chlorine and nitrous oxide are not combustible. 

Again, a substance is said to be a supporter of combustion 
if it will allow the same substances to burn in it as burn 



334 


COMBUSTION. 


in air (e. g. coal gas, hydrogen, a taper). Chlorine and 
nitrous oxide are supporters of combustion; sulphuretted 
hydrogen, carbon monoxide, and hydrogen are not. 

Strictly speaking, however, any two substances which can 
exist in the gaseous state and which can combine chemically 
with sufficient evolution of heat may occupy towards each 
other the positions of supporter of combustion and combus- 
tible body interchangeably. For example, a jet of hydrogen 
will burn in chlorine, and a jet of chlorine will burn in 
hydrogen. In the former case hydrogen is the combustible 
body and chlorine the supporter of combustion ; in the 
latter the reverse. Again, phosphorus burns in oxygen; 
but it would be possible to burn oxygen in phosphorus 
vapour, in which case the latter would be the supporter of 
combustion. 

300. Heat of Combustion. — Whenever carbon, hydrogen, 
or bodies containing carbon and hydrogen burn, by com- 
bining with the oxygen of the air (the carbon to form 
carbon monoxide or dioxide, and the hydrogen to form 
water), the amount of heat accompanying the change is 
perfectly definite and constant. 

If a gramme of pure carbon be burnt to carbon dioxide, the 
heat given out will be sufficient to raise the temperature of 
8,080 c.c. of water 1° G. ; this is expressed shortly by the 
statement that the heat of combustion of one gritmme of 
carbon is 8,080 thermal units or calories. So, in like manner, 
the combustion of one gramme of hydrogen is found to give 
rise to the evolution of 34,200 thermal units. Hydrogen, 
therefore, on combustion gives out more than four times 
the amount of heat evolved by the same weight of 
ear bon. 

Bituminous coal consists chiefly of carbon, but, as it 
contains some hydrogen, it should give out more heat on 
combustion than the same weight of carbon, and it would 
do so but for the fact that it contains usually 15 to 20 per 
cent, of oxygen, sulphur, nitrogen, and mineral ash, which 
are practically unproductive of heat. In anthracite, how- 
ever, these constituents amount to little more than 5 per 
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cent., and the heat of combustion of this kind of coal is 
greater than that of bituminous coal. 

Petroleum, consisting entirely of carbon and hydrogen, 
and containing much more hydrogen than coal, actually 
does give out more heat than the same weight of carbon. 

Fuel being employed for heating purposes, the amount 
of heat generated in its combustion is of primary import- 
ance, and the following table shows at a glance the com- 
parative value of different substances which are applicable 
as fuels : — 

Hydrogen . . . 34,200 thermal units per gramme consumed. 
Petroleum ... 12,000 ,, „ 

Cool ... 7,600 to 8,500 ,, ,, 

Carbon ... 8,080 ,, „ 

Wood ... about 3,000 „ „ 


QUESTIONS.— CHAPTER XXII 

1. Explain the term incandescence , and describe experi- 

ments which show how it may be produced. 

2. What conditions are necessary for the production and 

continuance of combustion 1 How would you show 
them experimentally 1 

3. Describe an experiment by jvhich air may be made to 

burn in coal gas. 

4. Explain what is meant by point of ignition and flash 

point ' 

6. Explain the principle of the Davy lam#, and describe 
an experiment which illustrates it. 

6, Describe the structure of a candle flame, and explain 

the nature of the chemical changes which take place 
in the different zones. 

7. Describe the appearance of a coal-gas flame which is 

burning very low. 
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8. Discuss the explanations which have been put forward 

to account for the luminosity of flame. 

9. Give a diagram of the Bunsen flame, and indicate on it 

(а) the reducing area; 

(б) the oxidising area ; 

(c) the high temperature oxidising area ; 

(d) the low temperature oxidising area. 

10. What are the causes of the non-luminosity of a Bunsen 

flame 1 

11. How may calcium sulphate be reduced to calcium 

sulphide 

(a) in the blowpipe flame \ 

(b) in the Bunsen flame 1 

12. Explain carefully what you understand by combustion , 

and supporter of combustion. 

13. What volume of water may be raised from 10° C. to 

50° C. by the heat derived from the combustion of 
10 grammes of hydrogen and 10 grammes of carbon 
■“ respectively! 

14. Explain the term heat of combustion , and compare the 

heats of combustion of the common kinds of fuel. 



CHAPTER XXTII. 

OXIDES OF CARBON-CARBON BISULPHIDE. 

Carbon forms two compounds with oxygen, namely, 
carbon monoxide, CO, and carbon dioxide, C0 2 . 

Carbon Monoxide, CO. 

301. Occurrence. — This gas occurs in small quantity in 
chimney gases, especially where the air-supply during com- 
bustion is not in sufficiently large excess ; it is also formed 
during the dry distillation of wood, coal, and such organic 
bpdies. The gases from blast or other furnaces in which 
ail excess of carbon is present, and in which a reducing 
operation is being performed, consist largely of carbon 
monoxide. 

302. Preparation from Oxalic Acid. — Carbon monoxide 
may be prepared by heating oxalic acid with concentrated 
sulphuric acid, an equal volume of carbon dioxide being 
given qff at the same time. -» 

Exp. 185. — Introduce about 20 grammes of crystallised 
oxalic acid into an 8-ounce flask provided with thistle 
funnel and delivery tube, and as much concentrated sul- 
phuric acid as to cover it. Apply heat steadily until effer- 
vescence sets* in, and then moderate it so as to secure a 
regular and not too rapid evolution of the gag* Collect 
over water, avoiding any escape of the gas, as it is very 
poisonous. The reaction which takes place is — 

C*H 2 0 4 + HjS 0 4 - CO + CO, + H 2 0 + HoSO y 

SEN. CHBJVI. 337 


z 
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The sulphuric acid removes the elements of water from 
the oxalic acid without itself undergoing any chemical 
change. 

303. Experimental study of the products of the 
reaction — 

Exp. 186. — Pour lime-water into a jar of the gas, and 
shake up ; the lime-water will become turbid owing to the 
formation of calcium carbonate * — 

Ca(OH) 2 + OO a = CaOOg + H a O. 

The presence of carbon dioxide is thus indicated. 

Exp. 187. — Remove the cover from a jar of the gas, 
quickly pour in a few cubic centimetres of caustic soda, 
replace the cover and shako up well ; the carbon dioxide 
will combine with the caustic soda, forming sodium 
carbonate — 

w 1 2*NaOH + C0 2 - Na 2 C0 8 + H 2 0. 

Now bring the mouth of the jar under water, and remove 
the cover; the water will rise, and it will be seen that 
about half the volume of the gas is left. This is the carbon 
monoxide. Transfer some of this gas to a smaller vessel 
by decanting it over water, and shake up with lime-water ; 
no turbidity will be produced, the carbon dioxide having 
been removed. Now apply a light to the gas ; it will burn 
with a beautiful blue lambent flame. When the com- 
bustion is finished, again shake up the vessel, and marked 
turbidity will then be produced, showing that carbon 
dioxide has again appeared^ The carbon monoxide has 
united with oxygen during the process of combustion, 
with the formation of carbon dioxide — 

2 00 + 0 2 2 CO a . 

It may also be noticed that carbon monoxide does not 
itself support combustion, for if whilst it is burning the 

* After the experiment has been performed, it ia well to bum the 
gas rather than to let it escape directly into the sir. 
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lighted taper be plunged into the vessel, the flame will be 
extinguished. 

Exp. 188. — Remove the carbon dioxide from a second 
jar of the collected gas, and then decant into the jar 
sufficient air to fill the vessel. 

We have now a mixture of equal volumes of carbon 
monoxide and air, and if after allowing the gases to stand 
for two or three minutes to mix properly, the mouth of the 
jar be held towards the flame of a Bunsen burner, it will 
be seen that carbon monoxide and air form an explosive 
mixture. 

If it be desired to separate the carbon dioxide from the 
monoxide before collecting the gas this may be done by 
passing the gases evolved during its preparation through 
two wash-bottles containing caustic soda solution, as shown 
in Fig. 65. 

304. Other methods of preparation. — Carbon njonoxide 
may, however, be prepared free from the dioxide by gently 
warming a mixture of sodium formate and sulphuric acid — 

• » H* COONa 4- H 2 S0 4 =■ NaHS0 4 4- H 2 0 4- CO. 

This ip the method usually adopted in the laboratory. 

Another convenient method of preparation consists 
in heating roughly-powdered potassium ferrocyanide, 
K 4 FeC 6 N fl + 3H 2 0, with concentrated* sulphuric acid. 
The change which takes place is represented by the 
equation — * 

K 4 FeC 6 N fl 4* 6 11 9 S0 4 + 6H 2 0 = 2 K 2 S0 4 4- FeS0 4 

• 4- 3(NII 4 ) 2 S0 4 4- 6 CO. 

• 

The water required for this reaction is derived partly 
from the water of crystallisation of the ferrocyanide and 
partly from the 1*5 per cent, of water present in the 
sulphuric acid. 

* Dilute sulphuric acid gives rise to the formation of hydrocyanic 
acid (HCN). 
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Ah interesting method whereby carbon monoxide may 
be obtained in large quantities, though in an impure 
condition, is to pass carbon dioxide over red-hot charcoal. 
The charcoal may conveniently be heated in an iron pipe 
by means of a combustion furnace, and the carbon dioxide 
evolved in a gentle stream by the action of hydrochloric 
acid on marble — 


C0 2 + C - 2 CO. 

The carbon monoxide is either collected or burnt at a jet 
attached to the exit of the tube. 

This method of formation may be observed in a coke or 
red-hot cinder fire, on the surface of which the blue flames 
of the burning gas may be seen. The air passing in at the 
base of the fire at the lower part of the grate unites with 
carbon, forming carbon dioxide, and this as it passes ovei 
the mass of red-hot carbon in the upper part of the grate 
is transformed into carbon monoxide. “ Producer gas ” or 
“ generator gas,” used in some manufacturing operations, 
consists largely of carbon monoxide, and is obtained by 
passing air over a high column of red-hot coke or 
anthracite. 

When steam is passed over red-hot coke a mixture of 
carbon monoxide and hydrogen is formed, which is known 
as water-gas — 

H 2 0 + C «= CO + H s . 

Water-gas is used on the large scale as a source of heat. 

305. Properties. — Carbon monoxide is a colourless, taste- 
less gas ; it is only very slightly soluble in water, 100 
volumes of watey at ordinary temperatures dissolving less 
than three volumes of the gas. It is also very difficult to 
condense, the liquid boiling under atmospheric pressure at 
- 190° C. Under ordinary circumstances, carbon monoxide 
burns in air, or may be exploded with oxygen in a 
eudiometer, forming carbon dioxide. But when the gases 
are perfectly dried by exposing them for a lengthened 
period to phosphorus pentoxide, sparks may be passed 
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through the mixture without combination taking place. 
This affords us with yet another example of the influence 
of moisture in assisting chemical reaction. 

Owing; to the readiness with which carbon monoxide 
combines with oxygen, it is a powerful reducing agent at 
high temperatures. It also combines directly with ' the 
vapour of sulphur, forming carbonyl sulphide (COS), and 
in sunlight with chlorine, forming carbonyl chloride 
(COCl 2 ), also known as phosgene gas. 

Finely-divided nickel and iron unite with carbon 
monoxide on heating, forming compounds called carbonyls ; 
nickel carbonyl is represented by the formula Ni(CO) 4 and 
iron carbonyl by Fe(CO) 5 ; both these compounds are 
liquids. 

Carbon monoxide dissolves in a solution of cuprous 
chloride in strong hydrochloric acid or ammonia, with 
formation of a compound Cu 2 Cl 2 ’CO. A solution of 
cuprous chloride is used as an absorbent for CO in gas 
analysis. # f # 

Carbon monoxide is a very poisonous gas, this property 
depending on its power of combining with the haemo- 
globin of the blood to form a bright red compound, carb- 
oxy haemoglobin. 

306. Composition. — The composition of carbon monoxide 
may be ascertained by exploding the gas in a eudiometer 
along with oxygen. It will be found that 100 volumes of 
carbon monoxide and 100 volumes of oxygen after explosion 
show a contraction to 150 volumes, and on absorbing the 
carbon dioxide formed by means of potash, 50 volumes of 
oxygen will remain. Thus 100 volumes of carbon monoxide 
have united with 50 volumes of oxygpn to form 100 
volumes of carbon dioxide. 

This agrees with the formula CO for carbon monoxide 
assuming the formula for carbon dioxide to bo C0 2 (see 
§311 for proof of this) — 

2 CO + O. - 2 CO a . 

4 vola. 3 you. 4 Tola. 
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The density of carbon monoxide affords a confirmation of 
this formula. The gas is fourteen times as heavy as 
hydrogen, and therefore its molecular weight is 2 x 14 
or 28, that of hydrogen being 2. 

Now 0 = 12, 0 = 16, and therefore CO = 12 + 16 or 28, 
so that, as already stated, CO is the correct formula for 
carbon monoxide. 


Carbon Dioxide (Carbonic Acid Gas), C0 2 . 

307. Occurrence. — This gas is of more frequent occur- 
rence than carbon monoxide. Its presence in air and 
water has already been mentioned, and also the part it 
plays in the animal and vegetable kingdoms. It is given 
off in large quantities from lime-kilns, in which the lime- 
stone (CaC0 3 ) is decomposed by heat into quicklime (CaO) 
and carbon dio»xida Processes of fermentation and putre- 
faction give rise to the gas. Whenever an explosion of 
fire-damp occurs in coal mines carbon dioxide is formed in 
large quantities, and constitutes what the miners call the 
after-damp or choke-damp. 

308. Preparation. — The usual method of preparing 
carbon dioxide, namely, by the action of dilute hydrochloric 
acid on limestone or marble, has already been described in 
Exp. 57, § 41. The reaction which takes place is repre- 
sented by the equation — 

CaC0 8 + 2 HC1 J Ca01 2 + H 2 0 + C0 2 . 

Although somewhat soluble* in water, the gas may be 
collected over water as in Exp. 41, but as it is much 
heavier than air, it is usually collected by downward 
displacement. All carbonates, when treated with dilute 
hydrochloric acid, liberate carbon dioxide ; many, such as 
limestone, liberate it when heated. 

We have already seen that carbon dioxide is formed when 
carbon or compounds containing it are burnt in excess of 
air. If carbon compounds are heated to redness with oxide 
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of copper, the whole of the carbon is transformed into 
carbon dioxide, and it is in this way that the amount of 
carbon in such compounds is estimated. 

309. Properties of Carbon Dioxide. — These have already 
been studied by experiment in § 41, Expr 48. Carbon 
dioxide is a colourless gas with a faintly acid taste and 
smell. It is about lj times as heavy as air, and its high 
density may be illustrated by the following experiment : — 

Exp. 189. — Fill a large beaker of three or four litres capacity by 
downward displacement with carbon dioxide ; now detach a soap- 
bubble charged with air into the beaker, and it will be found to float 
nn the surface of the heavier carbon dioxide. 

Carbon dioxide is soluble in water, which at 15° 0. dissolves 
about its own volume of the gas, while at 0°C. 100 volumes 
of water dissolve 180 volumes of the gas. As with other 
gases, the amount dissolved increases directly as the 
pressure under which solution takes place, and soda-water 
being water charged with the gas under about foluj atom- 
spheres pressure contains about four times its volume of the 
gas. The aqueous solution of carbon dioxide possesses 
feebly acid properties, for it is able to change the colour of 
litmus from blue to claret (not to the bright red produced by 
strong acids such as HC1 and H 2 S0 4 ) ; C0 2 can also, like 
other acids, decolourise phenol-phthalein which has been 
rendered* pink by the addition of a small quantity of alkali. 

Exp. 190. — Pass a stream of carbon dioxide through a few cubic 
centimetres of water to which some drops of litmus solution have been 
added, and note that the litmus assumes a claret tinge ; contrast this 
with the effect of adding litmus to water containing a little hydrochloric 
or sulphuric acid. Notice also that by boiling, the carbon dioxide is 
expelled, and the litmus assumes its original colour. A solution of 
carbon dioxide in water is therefore very unstable* and possessed of a 
feebly acid character. 

Exp. 191. — Puss the expired air from the lungs, or carbon dioxide 
prepared from marble and washed free from hydrochloric acid by 
passing through water, through a slightly alkaline pink solution of 
phenol-phthalein ; the pink liquid becomes colourless. 

Carbon dioxide is in general a non-supporter of com bus-* 
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tion and of animal life. Certain metals, however, such as 
magnesium and potassium, will burn in it with liberation of 
carbon. 

2 Mg + C0 2 =2 MgO + C. 

4 K + 3 C0 2 - 2 K 2 C0 8 + C. 

It is decomposed by the green colouring-matter of plants 
in presence of sunlight, carbon being assimilated and oxygen 
set free in the process. 

Though the harmful effects of carbon dioxide are mainly 
due to suffocation (i.e. absence of oxygen), yet at the 
same time the gas does exercise a directly poisonous action 
on the system ; for air containing more than one volume of 
it per thousand (t. 6. about three times the normal quantity) 
has a distinctly depressing effect, and often gives rise to 
headache. 

310. Liquid and Solid Carbon Dioxide. — Under a 
pressures of 3 6* atmospheres at 0° C. the gas condenses to 
the liquid form, and in this form it is prepared on a 
tolerably large scale and stored in steel cylinders. If the 
nozzle of one of these cylinders be opened, the pressure 
being released, the liquid is rapidly transformed into gas. 
The amount of heat absorbed by the passage from the liquid 
to the gaseous condition is considerable, and the issuing 
gas becomes so far cooled that a part of it condenses 
again even to the solid form. Solid carbon dioxide is a 
white, snow-like substance which passes only comparatively 
slowly into the gaseous condition again. The depression of 
temperature caused by its passage from the solid to the 
gaseous condition is such tjhat mercury can be readily 
cooled down to - 40° 0. and obtained as a solid body. 

311. Composition of Carbon Dioxide. — This may be 
shown by a method similar to that employed in the case of 
sulphur dioxide. Thus when carbon is burnt in oxygen no 
change of volume occurs, and carbon dioxide is therefore 
said to contain its own volume of oxygen It follows from 
Avogadro’s hypothesis that the formula for the gas may be 
written CgO s where x has yet to be determined. Now the 
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molecular weight of carbon dioxide as deduced from its 
density is 44. This agrees with the value x = 1 in the 
formula just given for C = 12, 0 = 16 and =12 + 2 
x 16 or 44. The formula for carbon dioxide is therefore C0 2 . 

The composition by weight of the gas agrees with this 
formula, for, as already stated in § 265, 12 parts- by 
weight of carbon unite with 32 parts of oxygen to produce 
44 parts of carbon dioxide. 

312. The Carbonates. — We have seen in a previous 
paragraph that a solution of carbon dioxide in water shows 
a feebly acid reaction. For this reason, and from a con- 
sideration of the salts known as the carbonates, carbon 
dioxide is to be regarded as the anhydride of carbonic acid, 
and the composition of the acid, although never isolated, 
may be taken as h 8 co 8 . 

Carbonic acid has two atoms of hydrogen replaceable by 
metals, and is therefore a dibasic acid. In the acid carbon- 
ates or bicarbonates only half the hydrogenjis so Replaced ; 
thus KHCOg is bicarbonate of potash, and NaHCO a is 
bicarbonate of soda. In the normal carbonates the whole 
of the hydrogen is replaced, as with K 2 CO a , potassium 
carbonate, and Na 2 C0 8 , sodium carbonate. 

Exp. 192. — Pass carbon dioxide to saturation into a solution of 
caustic soda, and then evaporate down to dryness on a water-bath. A 
icsidue will be obtained consisting of the monohydr&ted normal 
caibonate of soda, Na^COg’ H. a 0. 

Dissolve as much as possible of this in hot water and allow to cool ; 
crystals of Na*COg * 10 H a O will be formed. This is the product known 
as “soda crystals, and used as wasting soda. 

On very gently warming a quantity of soda crystals, or 
preferably Na a CO a * H 2 0, in an atmosphere of carbon 
dioxide, the salt takes up C0 2 and is transformed into the 
bicarbonate, NaIIC0 8 — 

Na/XY II 2 0 + C0 2 - 2 NaHC0 8 . 

Exp. 193. — Heat in a porcelain basin over the Bunsen flame a few 
gi ammes of dry bicarbonate of soda ; carbon dioxide will be given off, 
and the normal carbonate reproduced— 

2 NaHCOj » Na^OOg + CO* + H*0. 
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The carbonates and bicarbonates of the alkali metals are 
obtained by means of such reactions ; they are solu ble in 
water. The carbonates of other metals are insoluble in 
water, but the bicarbonates are soluble. Thus CaCO a is 
insoluble, but CaH 2 (C0 8 ) 2 is soluble. 

The insoluble carbonates may be obtained (1) by the 
addition of alkaline carbonates to a soluble salt of the 
metal — 

Na 2 C0 3 + BaCl 2 = BaCO* + 2 NaCl ; 

(2) by passing carbon dioxide into a solution of the hydrate — 
CaH 2 0 2 + C0 2 - CaCO/ + II 2 0. 

Weak bases such as alumina, oxide of silver, and oxide of 
mercury either form no carbonates or very unstable ones, 
and the normal carbonates of the alkali metals are the only 
ones which withstand a high temperature without decom- 
position. All other carbonates when heated give off carbon 
dioxide and form an oxide of the metal (except ammonium 
carbonate which decomposes into ammonia, carbon dioxide 
and water). 

313. Test for Carbonates. — Add dilute hydrochloric acid 
to the solid carbonate, or an aqueous solution of a carbonate 
in a test-tube. An effervescence will be observed,, and on 
decanting the gas downwards into a second tube contain- 
ing lime-water, and shaking up, a turbidity will be pro- 
duced in the lime-water owing to the formation of calcium 
carbonate. 

Distinction between Nonnal Carbonates and Bicarbon- 
ates. — The test just given applies to both normal carbonates 
and bicarbonates. If, however, the carbonate is insoluble 
in water, it mu$t be a normal salt. If it is soluble the 
following tests will decide to which class it belongs : — 

(1) Add magnesium sulphate to the solution. Normal 
carbonates give an immediate white precipitate ; bicarbon- 


* Excess of C0 3 transforms this into the soluble bicarbonate— 
CaCOg + H a 0 + CO, * CaH^CO,)*. 
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ates only give a precipitate on boiling. (How do you 
explain this difference ?) 

(2) Add mercuric chloride to the solution. Normal 
carbonates give a reddish precipitate ; bicarbonates give no 
precipitate. 


Carbon Bisulphide 

314. This compound occurs in traces in coal gas, and is 
formed in quantity when sulphur vapour is passed over 
red-hot charcoal. It is a colourless liquid, which refracts 
light strongly; it is very volatile, boiling at 46° C. and 
giving off a very inflammable vapour. When pure it has a 
sweetish, ethereal smell, but usually the impurities which it 
contains render it very disagreeable. One of its most 
remarkable properties is its solvent action ; india-rubber, 
fats, and some of the non-metallic elements such as 
phosphorus, sulphur and iodine, which are otherwise 
difficult to obtain in solution, are readily dissqjved by 
bisulphide of carbon. » 

In consequence of its high refractive power for light, it 
•ig frequently employed as a means of producing a spectrum, 
the liquid being introduced into a hollow glass prism. 

CS 2 is the analogue in composition of C0 2 , and thiocar- 
bonic acid (H 2 CS 8 ), the analogue of carbonic acid (JI 2 C0 3 ) 
is known,; OS corresponding to CO has also been obtained. 
Thus a number of bodies are known containing sulphur in 
place of oxygen, the sulphur compound resembling the 
corresponding oxygen compouryl in chemical properties. 


QUESTIONS— CHAPTER XXIII. 

1. Mention some conditions under which carbon monoxide 

is produced during the combustion of fuel on the 
large scale. 

2. You desire to collect a specimen of CO as free as possible 

from air or C0 3 , using oxalic acid as the source of the 
gas ; how would you proceed ? 
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3. What is the action of sulphurio acid on potassium 

formate 1 Give the equation. 

4. What is the action of dilute and of concentrated 

sulphuric acid on potassium ferrocyanide 1 

5. How may CO be transformed into C0 2 and C0 2 into C0 1 

6. What is u generator gas,” and how is it made 1 How 

would you show that it contains (a) CO, (b) C0 2 , 
<c)H! 

7. What is water-gas, and how is it manufactured 1 

8. It has been shown that chemical action undergoes 

modification when the reacting substances are 
perfectly dried ; give instances of this. 

9. How would you prove that carbon monoxide has the 

composition indicated by the formula C0 1 

10. What experiments would you perform in order to 

distinguish between 

(a) CO and C0 2 ; 

, (b) C0 2 and a mixture of CO and C0 2 containing 
« large excess of C0 2 ; 

(c) CO and a mixtme of CO and C0 2 containing 
large excess of CO 'l 

11. Write a short history of carbon dioxide. 

12. Describe the reactions which take place when sodium 

bicarbonate (NalIC0 8 ) and lead carbonate (£bC0 8 ) are 
respectively subjected to the action of heat, and when 
they are brought into contact with dilute nitric acid. 

13. Write down in separate columns (a) the physical, (b) 

the chemical properties of carbon dioxide. 

14. Give two methods for the decomposition of carbpn 

dioxide. 1 

15. How may it be demonstrated that carbon dioxide has 

the formula C0 2 1 

16. Are there any grounds for the assumption that H 2 C0 8 

represents the composition of carbonic acid ? 

17. How are carbonates in general formed 1 Given metallic 

zinc, lime and caustic potash, how would you preparo 
specimens of zinc carbonate, calcium carbonate and 
potassium carbonated 
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18. By what tests can normal carbonates be distinguished 

from acid carbonates 1 

19. What are the characteristic properties of bisulphide of 

carbon 1 What are the products formed, and their 
relative volumes, when this body is burnt in oxygen 1 

20. 15 c.cs. of carbon monoxide were exploded with 20 c.qs. 

of oxygen. After treating the product with excess 
of caustic potash 1 2*6 c.cs. of gas remain. Deduce 
from this the formula for carbon monoxide assuming 
carbon dioxide to be represented by CO* 



Section III -SYSTEMATIC STUDY 
OF SOME METALS. 


CHAPTER XXIV. 

MOLECULAR AND ATOMIC WEIGHT 
DETERMINATION. 

315. Determination of Molecular Weight. — It has been 
shown that a molecule of hydrogen contains two atoms ; 
therefore, the atomic weight of hydrogen being taken as 
unity, its molecular weight is 2. From Avogadro’s theory, 
that eq^al vol\unes of gases at the same temperature and 
pressure contain equal numbers of molecules, it follows 
that the density of any gas compared with hydrogen is 
half the molecular weight of the gas. For — 

Density of gas _ Weight of n molecules of gas 

Density of H Weight of n „ „ H 

n x mol. wt. of gas 

n x mol. wt. of H 
^ mol. wt. of gas 
2 ' 

The most direct method, then, of determining the mole- 
cular weight of a substance is to find its density in the 
gaseous condition. If the substance is a gas at the ordinary 
temperature, its density may be found directly by weigh- 
ing a globe of the gas. If the substance is liquid or solid 
at ordinary temperatures, it must be vaporized by heat. 
Four quantities must then be measured, i.e. the weight, 
volume, temperature, and pressure of a given quantity 
of the vapour. From these data the density of the 
Vapour can be calculated. The chief practical methods 

360 
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employed in the determination of vapour densities are those 
of Dumas and Victor Meyer. 

316. Dumas’ Method. — A light glass bulb 
of about 200 c.c. content is drawn out to a 
fine point in the form shown in the figure, 
and weighed. This gives the weight of the 
bulb (to) filled with air, temperature and 
barometric pressure being noted. By gently 
warming the bulb, and then placing the 
orifice beneath the surface of the liquid Fig. 76. 
whose vapour density is to be determined, 
and allowing the bulb to cool again, a quantity of the liquid 
is introduced. This should be in considerable excess of 
that required to fill the whole bulb with vapour, as it is 
necessary to ensure the air being expelled from the bulb 
in the process of volatilization ; usually 5 to 10 cubic centi- 
metres will suffice. The bulb is now placed in a bath of 
heated liquid, the temperature of which is kept constant, 
and at least 20° above that of the boiling point of the liquid 
under examination. When it is seen that the whole^of the 
liquid has been transformed into vapour, the orifice of the 
bulb is sealed at the blow-pipe. We have now, presum- 
ably, the glass bulb quite filled with the vapour; after 
cooling and carefully cleaning, it is weighed. This gives 
the weight of the bulb {to) with the vapour required to 
fill it at the temperature of the bath. 

The end of the sealed tube is then broken off under 
water ; the water rushes in and should completely fill the 
bulb. The latter is now again weighed, along with the 
piece broken off. This gives the weight of the bulb (wj 
filled with water. 

%o u - to may be taken as the weight of water which has 

entered the bulb. 1 The internal volume of the bulb, there- 

» 

1 This is not quite exact, as to is not the weight of the bulb alone, 
but that of the bulb filled with air. The error so introduced, however, 
is quite negligible compared with the errors of experiment, and with 
the deviations from the gas-laws exhibited by vapours not far above 
their condensing points. 
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fore, is w tt - w c.c. The weight of this volume of air is 
(to. —to) x *001293 x 273 x p 

(273 + «) m m gramme8 ' 

where p and t are respectively the pressure (in mm. of 
mercury) and the Centigrade temperature at the first 
weighing, and *001293 the density of air at 0° 0. and 760 
mm. pressure (N.T.P.). If the weight of air so found is x y 
then the weight of the vacurua bulb is w - x. Hence the 
weight of vapour contained in the bulb at the second 
weighing is w t - (to - x), or t o t -w + x. 

This weight of vapour has a known volume — that of the 
bulb, \o tt - vo ; it was measured at a known temperature — 
that of the bath ; and at a known pressure — that of the 
atmosphere at the time of experiment. From these four 
data the weight of 1 c.c. of the vapour at 0° C. and 760 
mm. pressure can be calculated. The result, divided by 
*00009 (the weight of 1 c.c. of hydrogen at 0° 0. and 760 
mm.), £i/es the vapour density of the substance. 

Several minor corrections have been omitted in the fore- 
going description, but they affect the result very slightly, 
and it must be remembered that a high degree of accuraoy 
cannot be attained by this method, and is indeed unne- 
cessary, since the main purpose in view is to decide whether 
the molecular weight of a given substance be M or some 
multiple or submultiple of M. 

Dumas’ method cannot be used at any temperature near 
that at which glass begins to soften (say over 400°), and is 
thus only applicable to liquids of low boiling point. 

By substituting porcelain or metal for glass, as has been 
done by Deville and Troost and others, and heating the bulb 
in the vapour of sulphur (448°) or stannous chloride (606°) 
or other substances, the method is more widely applicable ; 
by means of a gas furnace a temperature of 1700° has been 
attained and the vapour density of some metals such as zino 
and cadmium, and of many salts such as aluminium chloride, 
ferric chloride, etc., has been determined. There is no 
essential difference in the nature of the observations to be 
r *made, though where a gas furnace is used, some means 
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must bo adopted for regulating and for measuring the tem- 
perature employed, and in addition to this it is desirable 
to replace the air in the bulb by nitrogen or gome inert 
gas, since at high temperatures oxygen in most cases 
attacks the substance. 



31?. Victor Meyer’s Method. — This is \he only other 
method of importance used in the examination of in- 
organic bodies, and it possesses the advantage of being 
applicable over a considerable range of temperature ; it is 
also easy to manipulate, and the determination can be 
made with a small quantity of the substance. 

Fig. 2 represents the apparatus (supports omitted). It 

SEN. CliEM. A A 
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consists of a glass tube* AB, wide at the bottom, tbeu 
narrow, and finally wide again near the top so as to admit 
an indiarubber stopper, the whole length of the tube being 
600 mm. Near the top of the narrow portion there is a 
side tube, C, of the form shown. Surrounding the tube 
AB is a wider tube, D, containing a quantity of water, 
naphthalene, or other substance suitable for heating 
the glass bulb, according to the temperature required to 
volatilise the substance under examination, the bulb being 
so placed as to leave a clear space round it. A graduated 
tube (E) is filled with water and inverted ovor the end of 
the side tube. The cork being inserted in its place the 
jacket is heated and the temperature of the glass tube 
raised in this way to that of the vapour of the bath, 100° 
(water) or 217° (naphthalene), etc., as the case may bo. 
Owing to the expansion of the air, bubbles pass out into 
the graduated tube. 

When the temperature becomes constant the bubbles 
cease, L.nd the cork is then withdrawn and a weighed 
amovtnt (about 01 to 0 2 gramme) of the substance in 
a small bottle or bulb is dropped in* and the cork im- 
mediately replaced. If the experiment is successful, the 
substance will be very rapidly vaporised, and an equiva- 
lent volume (v) of air will be expelled through .the side 
tube. This is carefully measured in cubic centimetres, 
and the temperature ( t ) and pressure (p) of the room 
at the time is noted. Reduced to standard temperature 
and pressure this will give the volume (Y) which the 
vapour would occupy at ^fandard temperature and pres- 
sure thus — 

y _ v x 273 x ( p — s) 

(273 +t) x 760 ’ 

e being the tension of aqueous vapour at the temperature t. 
This is the volume occupied by the weight (w) of the sub- 

* A little sand should be put in the bottom of the tube to prevent 
it being broken when the bulb is dropped in ; also a devioe may be 
used by whioh the substance may be dropped into the tube without 
removing the cork. 
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stance taken, when transformed into vapour, and it is easily 
seen that I) the density compared with hydrogen will he 

D= HL . 

-00009 x V 

Provided only that the temperature of the jacket is con- 
stant and sufficiently high to ensure rapid vaporisation of 
the substance, the actual temperature employed need not be 
known. This will be clear if we remember that the volume 
of the air which is actually displaced and collected in the 
graduated tube is at the temperature of the room ; tho 
vapour of the substance occupies precisely the volume 
which this air would have occupied at tho temperature of 
volatilisation. We have therefore the volume which the 
vapour would occupy if it could be collected at the tem- 
perature of tho room. 

318. Determination of Atomio Weight.-*The accurate 
determination of the atomic weight of each of the ele- 
mentary constituents of matter is of the utmost import- 
ance to the chemist, as no satisfactory classification of the 
facts of chemistry, as relating to compounds, can be made 
until the atomic weights of the elements have been decided 
upon. 

Before # proceeding to discuss the methods of atomic 
weight determination we must study the relationship which 
exists between the atomic weight of an element and its 
chemical equivalent, * 

319. Relation between the Atomic Weight of an Element 
and its Equivalent. — Now w& have seen that tho atomic 
weight of an element is the ratio of the weight of its atom 
to that of an atom of hydrogen, and the equivalent of an 
element is tho weight of it which unites with or displaces 
1 gramme of hydrogen. 

It is clear then that since combination takes place 
between atoinB of elements there must bo a very close 
numerical relationship between the atomic weight of an 
element and its equivalent. 
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Let us consider the cases of a few elements, viz. : sodium, 
aluminium, chlorine, and oxygen. 

The equivalents of these elements as determined experi- 
mentally are respectively 23, 9, 35*5, and 8. Their atomic 
weights (determined by methods which we shall’investigate 
subsequently) are 23, 27, 35‘5, and 16. 

We have therefore for the numerical ratio 

Equivalent 

Sodium 1. 

JiO 


Aluminium 


27 

9 


3. 


Chlorine ~=1. 
o5*o 


Oxygen 



In eacji of tjfese cases then the atomic weight is either 
numerically equal to the equivalent or is a simple multiple 
of it. 

If we had chosen other elements we should have obtained 
similar results, and the following general relation may bo 
stated: — The atomic weight of an element is numerically 
either equal to its chemical equivalent or is a simple multiple 
( rarely submultiple) of it 

If you look up the valency of each of the elements 
considered above in the table in § 64 you will see that it 

is identical with the ratio A little reflec- 

Equivalont 

tion on the meaning of valency (§65) will enable you to 
realise that this must be the case, and that the following 
general relation between the atomic weight of an element 
and its equivalent may be stated — 


Valency = 


Atomic Weight 
Equivalent 


320. Deduction of Accurate Atomic Weights. — In order* 
to find the accurate atomic weight of an element it is 
necessary to determine — 
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(]) The accurate value of the equivalent. 

(2) An approximate value of the atomic weight. 


Then the nearest multiple of the equivalent to the 
approximate value of the atomic weight gives the accurate 
atomic weight. [This multiple is obviously the valency 
of the element.] 

Suppose, for example, the equivalent of an element is 
found to be 29*15, and an approximate determination of 


the atomic weight gives the number 60. 


Now -JHL = 2 
2y-i5 


approximately. Evidently the nearest multiple of the 
equivalent to 60 is 2, and the accurate atomic weight is 
29*15 x 2 or 58*3. [Also the valency of the element is 
clearly 2.] 

Methods of determining the equivalent of an element 
have been studied in § 57. We shall in the succeeding 
paragraphs study two methods of determining the approxi- 
mate value of the atomic weight of an element. * 


321. The Vapour Density Method of Atomic Weight 
•Determination. — This method consists in determining the 
vapour densities of as many compounds * of the element as 
possible, and deducing from them the molecular weights 
of the compounds as in § 315. These compounds are then 
analysed f %and a table is drawn up showing in one column 
their molecular weights, and in another the weight of the 
element (deduced from the results of analysis) contained 
in the molecular weight of eacl^ compound. 

It is found that the figures in the latter column are all 
simple multiples of the least number. This smallest weight 
of the element contained in tUe molecular weight of any of 
its compounds is taken as the (approximate^ atomic weight . 
The atomic weight of the element cannot of course be 
greater than this number, though it might be less, since it 
is quite possible that each of the compounds whose mole- 
cular weight has been determined contains more than one 
atom of the element. 


• Also of the element itself if volatile. 
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Consider, for example, the case of carbon. A table con- 
structed on the lines indicated shows the atomic weight to 
be 12. 


Compound. 


Carbon monoxide 
Carbon dioxide 
Methane 

Ethane 

Acetylene 

Propane 

Butane 

Benzene 


Molecular Weight. 


28 

44 

16 

30 

26 

44 

68 

78 


Weight of Carbon in 
Molecular Weight. 


12 

12 

12 

24 

24 

36 

48 

72 


The value found is in general only approximate because 
the vapour density of a substance as determined by the 
methods* described in §§ 316, 317 is only approximately 
correct, and hence the value of the molecular weight 
deduced from it is only appi jximate. In the particular 
case considered, however, the value is an accurate one, 
because many of the compounds used are gases, and their 
densities can be determined accurately. 

322. Determination of Atomic Weights by Application 
of Dulong and Petit’s Law. — In the year 1819 Dulong and 
Petit published an account of a large number of deter- 
minations of the specific hej^t of solid bodies, particularly 
metals, and drew attention to the fact that these specific 
heats were in general inversely proportional to the atomic 
weight. There were notable* exceptions, however, in the 
case of zinc, tin, # lead, iron, and some other elements. 

“ Still,” they say, “ the mere inspection of the numbers 
obtained points to a relation so remarkable in its sim- 
plicity as to be at once recognised as a physical law, sus- 
ceptible of being generalised and extended to all elementary 
substances. In fact, the products in question, which ex- 
press the capacities for heat of atoms of different nature, 
f are so nearly the same for all, that we cannot but attribute 
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these very slight differences to unavoidable errors, either in 
the determination of capacities for heat or in the chemical 
analyses.” They thus deduced from their observations the 
law that 14 the atoms of all simple bodies have precisely the 
same capacity for heat.” 

The adoption of this generalisation by chemists led to the 
alteration of a number of the then accepted values for 
atomic weight. This of course was followed by changes in 
the formulae of the compounds derived from these elements. 
In all instances, however, where revision has taken place 
the effect has been to bring out in a clearer light the 
relations which the elements and their compounds show to 
one another, and to throw them into natural groups, in 
which striking resemblances are shown between the members 
of the same group. It is on this ground that the general- 
isation of Dulong and Petit has appealed so strongly to 
chemists. 

In the following table we give the atomic weights (A.) 
and specific heats (C.) of a number of the comnn^ner ele- 
ments, and also the product (A.G.) of the atomic weight 
multiplied by the specific heat (the so-called “atomic 
.heat”), this being in most cases practically a constant, 
whose value is approximately 6 4. 



Atomic weight. 

Specific heat. 

Atomic heat. 


A. 

c. 

A.C. 

Sodium 

230 

0293 

6-7 

Magnesium 

240 

0250 

60 

Aluminium 

27-6 

0-214 

5-8 

Phosphorus 

310 

0174 

5-4 

Sulphur . . 

32-0 

0178 

5-7 

Potassium 

39-0 

0166 

6-5 

Calcium 

39-9 

0170 

6-8 

Chromium 

52-4 

0121 

6-3 

Manganese 

54-8 

0122 

6-7 

Iron 

55-9 

0-114 

6-4 

Copper .. 

63'2 

0-095 

60 

Zinc 

651 

0094 

61 

Arsenic 

74-9 

0081 

61 
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Atomio weight 

Specific heat 

Atomic h 


A. 

c. 

A.C. 

Bromine* (solid) 

79-8 

0-084 

6-7 

Silver ... 

1077 

0-057 

61 

Tin 

118-8 

0055 

6-5 

Antimony 

119-6 

0051 

61 

Iodine ... 

126-5 

0054 

6-8 

Platinum 

194-3 

0-032 

6-3 

Gold 

196-7 

0032 

6-4 

Mercury f (solid) 

199-8 

0032 

6-4 

Lead 

206-4 

0031 

6-4 

Bismuth 

207-3 

0030 

64 

Uranium 

239-0 

0028 

6-7 


The above results may be regarded as consistent with 
Dulong and Petit’s Law, which may be stated thus : — The 
atomic weight of an element , multiplied by its specific heat in 
the solid condition , gives a result which approximates very 
nearly^to 6 4. 

There are, however, notable exceptions, for which we 
have not yet accounted. The values of A.C. for carbon, 
boron, beryllium, and silicon are respectively 1*8, 2*7, 3*7, 
and 3 8. 

Observations made by Weber in 1875, on the behaviour 
of carbon, boron, and silicon, have shown that the specific 
heat of these elements increases as the temperature rises, 
and at a certain limit it remains almost constant through a 
considerable range of temperature, thus — 

from 800° C. to 980° C. A.C. for carbon = 5-5 
at 600° Q. „ boron =5*5 
from 130° C. to 250° C. „ silicon = 57 

Also Humpidge found similarly the value of A.C. for 
beryllium to be 5*6 at 400° C. to 500° C. 

* The specific heat of bromine in the ordinary liquid state is 
considerably higher than the value given here. 

f The specific heat of mercury in the liquid state is higher than 
the value given here. 
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It should be noted that all these apparent exceptions are 
elements of low atomic weight and very high melting points. 
Elements with atomic weights over 30 obey D along and 
Petit’s Law, practically without exception. 

The fact must be emphasised that Dulong and Petit’s 
Law only gives approximate values for atomic weights, 
Le. it enables us to determine what value of the equiva- 
lent of an element is to be taken as its accurate atomic 
weight. 

As an example of the application of the Law, let us 
consider the case of uranium. The analysis of uranium 
chloride shows that 60 grammes of uranium unite with 35*5 
grammes of chlorine. Therefore the equivalent of uranium 
is 60. 

Now the specific heat of this element lias been found to 
be 0 028. 

Applying Dulong and Petit’s Law, we havo 

Sp. Ht. x At. Wt. = 6*4 „ 

0 028 x At. Wt. = 6 4 

itwu « =a - 

The approximate value of the atomic weight of uranium 
is therefore 229. 

Now ' 



correct to the nearest whole number. 

Therefore the nearest multiple of the equivalent of 
uranium to its approximate atomic weight as deduced from 
the specific heat is 4, and the accurate value of the atomic 
weight of the element is 4 x 60, or 240. 

It should be pointed out finally that Dulong and Petit’s 
Law may be applied to determine whether the maximum 
value for the atomic weight of an element determined as 
in § 821 is the correct value or a multiple of it. 
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CHJESTIONS.— CHAPTER XXIV. 

1. Describe two methods of determining the vapour 

density of a substance at temperatures higher thau 
atmospheric. 

2. Calculate the molecular weight of chloroform from 

the following data obtained by Dumas 1 method : — 
Capacity of bulb = 127 c.c. ; temperature of bath, 
136° C. ; weight of vapour = 0 4524 gramme. 

3. Show why a knowledge of the vapour density of a 

body is of value in fixing its molecular weight. 

4. What is Dulong and Petit's Law, and of what value 

is it to the chemist ? 

5. If the specific heat of an element be 0*21, and its 

chemical equivalent be 9, what multiple of the 
latter should be taken as the atomic weight ? 

6. Explain the vapour density method of atomic weight 

determination. 

7. In r an experiment it was found that 0*5 gramme of 

zinc displaced 1*66 gramme of silver from a solu- 
tion of silver nitrate. 

Given that the chemical equivalent of zinc is 32 5 
and the specific heat of silver 0‘057, calculate the 
atomic weight of silver. 

8. The specific heat of platinum is 0 0324, what should 

be its approximate atomic weight ? 

9. How far do beryllium, boron, carbon, and silicon con- 

form to Dulong and Petit’s Law ? 



CHAPTER XXV. 

PHENOMENA OF ELECTROLYSIS. 

323. Some examples of Electrolysis have already been 
met with incidentally in the preceding chapters, but the 
more obvious phenomena of electrolysis should be studied 
more systematically. In the following explanations some 
knowledge of the elements of electricity is assumed. 

Electrolysis of Copper Sulphate. — 

Exp. 194. — Fit up an apparatus similar to that used in Exp. 46. 
Pour Borne copper sulphate solution into the bottle and pass a 
•current from two or three Grove’s cells through the liquid. You 
will observe that gas bubbles arise only from the positive electrode 
(i.e. piece of platinum foil connected with th o positive or platinum 
pole of the battery) ; the negative electrode (i.e. the piece of plati- 
num foil connected with the negative or zinc pole or the battery) 
becomes covered with a red coating of metallic copper. Colleot 
some of the gas evolved at the positive electrode in a test-tubo by 
displacement of water and test it with a glowing splint : it is 
oxygen. 

• 

We see then that when an electric current is passed 
through a solution of copper sulphate, using platinum 
electrodes, oxygen is evolved at the positive electrodo and 
copper set free at the negative electrodb. It is found 
further that sulphuric acid gradually accumulates in the 
liquid. 

Such an action — the decomposition of a liquid by an 
electric current — is called electrolysis , and the liquid is 
called the electrolyte. The vessel in which the decomposi- 
tion takes place is called the electrolytic cell. 

3ft3 
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The course which the current takes during its circuit is 
as follows : — Starting from the positive (platinum) pole it 
Hows along the connecting wire to the positive electrode 
(which is called the anode), thence through the liquid to 
the negative electrode (called the kathode), and finally back 
to the battery along the other connecting wire. 

The following explanation of the phenomenon investi- 
gated in Exp. 194 is at present generally accepted. 

It is supposed that when copper sulphate (CuS0 4 ) is 
dissolved in water, some (in dilute solution the greater 
part) of the molecules are dissociated into two “ ions.” 



The one ion is the atom Cu, and the other is the group of 
atoms S0 4 , which is called sulphion. The ion Cu is supposed 
to carry a positive charge of electricity and the ion S0 4 a 
negative charge. When the* electrodes are introduced into 
the liquids they attract the charged ions ; the negative elec- 
trode attracts the positively charged ions, i.e. the copper ions, 
and the positive electrode attracts the negatively charged 
ions, i.e. the sulphions. This is in accordance with the ordin- 
ary law of electric attraction. There is consequently a stream 
of Cu ions proceeding towards the negative electrode, and a 
stream of S0 4 ions proceeding towards the positive electrode. 
This is represented diagrammatically in Fig. 78, in which 

t Cu stands for a positively charged copper ion, and S0 4 
stands for a negatively charged sulphion. 
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When a Cu ion reaches the negative electrode it gives up 
its electric charge, and is deposited on the electrode as a 
thin film. At the same time an S0 4 ion reaches the 
positive electrode and gives up its charge. An uncharged 
sulphion is, however, incapable of a separate existence, and 
immediately reacts with the water in contact with, the 
positive electrode, with formation of sulphuric acid and 
liberation of oxygen. 

2S0 4 + 2H,0 = 2IT 2 S0 4 + O a . 

The ion Cu, which is attracted to the kathode, is called 
the Icathion ; and the ion S0 4 , which is attracted to the 
anode, is called the anion. 

324. Electrolysis in General. — The process of electrolysis 
is very general in its application. All acids, alkalies, and 
salts in solution are electrolytes to a greater or less extent ; 
that is to say, they can be decomposed by an electric 
current. In the case of salts, the kathioiv (or kfttliions) 
consists of the atom (or atoms) of metal in the molecule, 
the remainder of the molecule forming the anion. In the 
.case of acids, the katliion (or kathions) consists of the 
atom (or atoms) of hydrogen in the molecule. The 
presence of these hydrogen ions may be considered to be 
the cause of the acidity of the solution. 

The properties of elements in the state of ions are 
different from their properties in the ordinary unionised 
state : e.g . ionic sodium does not decompose water. But 
when the ions reach the electrodes their charge is neutral- 
ised, and they resume their horinal chemical properties. 
Hence it frequently happens that further chemical action 
takes place at one or bothp electrodes between the dis- 
charged ions and the liquid or the metal of which the 
electrodes are composed. • 

325. Electrolysis of Water. — Pure water does not con- 
duct electricity, but when an acid, base, or salt is dissolved 
in it, it becomes an electrolyte. 

An experiment in which water acidulated with dilute 
sulphuric acid is decomposed by the electric current has* 
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already been described (Exp. 47). The part played by the 
sulphuric acid is explained as follows : — The acid on solu- 
tion dissociates into three ions, two of hydrogen (H) and 
one of sulphion (S0 4 ). The hydrogen ions carry positive 
charges of electricity and the sulphion a negative charge.* 
On passing the current, the H ions are attracted to the 
negative electrode, where they give up their charge and 
acquire the properties which we ordinarily associate with 
hydrogen. One of these is that free atoms of hydrogen 
cannot exist separately; they therefore combine to form 
molecules, in which form the gas passes off and may be 
collected. The sulphions are attracted to the positivo 
electrode, and after giving up their charges undergo a 
secondary reaction with water with liberation of oxygen, 
as already described in the previous paragraph. 

Let us start with, say, tvvof molecules of sulphuric acid, 
and trace the changes which they undergo. We may 
represent the primary change which takes place on passing 
the currant by the equation 

* 2H 2 S0 4 = 2H 2 + 2S0 4 . 

The 2H 2 is evolved at the kathode and the 2S0 4 liberated 
at the anode reacts with water thus — 

2S0 4 + 2H 2 0 = 2H 2 S0 4 + O a . 

The 0 2 is evolved at the anode. 

We therefore finish with the same amount of sulphuric 
acid with which we started, i.e. 2 molecules, and the net 
residt of passing the current has been to break up two 
molecules of water into two molecules of hydrogen and one 
molecule of oxygen. The same result would have been 
arrived at if we had taken any other number of sulphuric 
acid molecules, from which it follows that the amount of 
sulphuric acid in the cell remains unchanged, and the gases 
ultimately liberated are the constituents of pure water. 

* The negative charge carried by the sulphion is twice as large 
as the positive charge carried by each of the hydrogen ions, so that 
the total charge on the three ions into which the molecule of sulphurio 
acid dissociates is equal to zero. 

t Two molecules are used instead of one to avoid writing an atom 
of oxygen in tho second equation. 
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326. Electrolysis of Hydrochloric Acid. — If strong 
hydrochloric acid be substituted for dilute sulphuric acid 
the ions are hydrogen and chlorine. On passing the cur- 
rent, hydrogen at once appears at the kathode, but no 
chlorine makes its appearance, for two reasons: firstly, 
because chlorine is soluble in the acid solution ; arid, 
secondly, because the chlorine, while still in the condition 
of free atoms ( nascent chlorine), attacks the platinum 
anode, converting it into the soluble platinum chloride 
(PtCl 4 ). If the anode be a plate of gas carbon, on which 
chlorine, even when nascent, has no action, and if the 
solution be saturated with chlorine beforehand, hydrogen 
and chlorine appear in equal volumes, as we saw in 
tixp. 123. 

327. Electrolysis of Solutions of Alkalies. — When 
caustic soda (NaOH) dissolves in water it separates into 
the two ions, sodium and hydroxyl (OH). On passing a 
current through the solution the former is lU;>erate*l at the 
kathode and the latter at the anode. Neither of •these, 
however, appears, because of secondary actions, the sodium 
immediately decomposing water with evolution of hydrogen 
and re-formation of caustic soda, and two of the hydroxyl 
groups breaking up into oxygen, which escapes, and water, 
which remains. Considering the changes which four* 
molecules, of caustic soda undergo we have as the primary 
change on passing the current — 

4NaOH = 4Na + 40H. 

The following secondary changts then take place. At tho 
kathode — 

4Na + 4H 2 0 =.4NaOH + 2H 2 ; 
at the anode — 

40H = 2H 2 0 + 0 2 . , 

The net result is that the amount of caustic soda remains 
unchanged and water is decomposed into hydrogen and 
oxygen. It will therefore be seen that the electrolysis of 


* Four molecules are used for a similar reason to that referred to 
in the foot-note on p. 3 ( 50 . 
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dilute sulphuric acid and of caustic soda solution both 
bring about the same result, namely, the decomposition 
of water. 

All alkalies give hydroxyl ions when dissolved in water, 
and these may be considered as the cause of the alkalinity 
of the solution. 

328. Electrolysis of Solutions of Salts. — Here the 
immediate products of the decomposition (ions) are the 
metal and the acid radicle — S0 4 , Cl, N0 3 , etc. — the 
former, like the metal of an alkali and the hydrogen of 
an acid, always going to the kathode, and the latter always 
going to the anode when the current is passed. But 
whether these ions actually appear or not after giving up 
their charges to the electrodes depends upon the nature of 
the ions and the presence or absence of secondary actions 
between them and the liquid or the electrodes. 

Except in the case of those metals which decompose 
water at the ordinary temperature (sodium, etc.), the 
meta 1 is always deposited on tlio kathode ; but, except in 
the case of some of the liydracids (hydrochloric acid, 
liydriodic acid, etc.), the acid radicle rarely appears as 
such, even if no action takes place between it and the 
anode. In the case of nitrates, for example, the radicle 
NO a reacts with water, yielding nitric acid and oxygen — 

4NO, + 2H,0 = 4 IINO 3 + 0 3 . . 

If a solution of zinc sulphate (ZnS0 4 ) be electrolysed 
between platinum electrodes, zinc is deposited on the 
kathode, and for every atom of zinc deposited an atom of 
oxygen is liberated at the anode and a molecule of sulphuric 
acid goes into solution. But if a plate of zinc replace the 
platinum anode, the S0 4 group, instead of reacting with 
water, simply combines with the zinc to form zinc sulphate. 
Then for every molecule of zinc sulphate decomposed, and 
for every atom of zinc deposited at the kathode, anatom of 
zinc is dissolved and a molecule of zinc sulphate re-formed 
at the anode ; so that the kathode gains exactly as much 
zinc as the anode loses, and the average composition of the 
solution remains unaltered. 
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With copper sulphate (CuS0 4 ) electrolysed between 
copper electrodes the action is less simple. Copper is 
deposited on the kathode, but at the anode some of the 
SO i directly unites with the copper to re-form copper 
sulphate, and some reacts with water forming sulphuric 
acid, with liberation of oxygen. And of this oxygen some 
escapes, while some unites with the copper to form copper 
oxide (CuO), which in part incrusts the plate, and in 
part dissolves . in the acid with re-formation of copper 
sulphate — 

CuO + 1I 2 S0 4 = CuS0 4 + 11,0. 

329. Double Salts. — This is a convenient place at whl>‘h 
to briefly discuss the nature of double scxlts. These are 
complex salts formed by the union of two simple salts, 
e.fj. a molecule of potassium sulphate, K.SO,, and one of 
aluminium sulphate, AJ a (SO l ),, together with 24 molecules 
of water, unite together to form a molecule of potassium 
aluminium sulphate or alum — * 1 , 

K 2 S0 4 , A1 2 (S0 4 ),, 24IT.O. 

Double salts may be divided into two classes, according 
to their behaviour in solution. Some break up into the 
simple salts of which they are composed, and these then 
decompose further into ions in the usual way; thus alum 
breaks up jnto K 2 S0 4 and A1 2 (S0 4 ) 3 , and these salts then 
yield the ions K, Al, and S0, 4 . Others do not decompose 
in this way, but ionise immediately, yielding a complex 
anion containing one of the raetajs ; for example, potassium 
chloride, KOI, unites with platinum chloride, PtCl 4 , to form 
the double salt 2KC1 + PtCl 4 or K 2 PtCl 6 ; on dissolving 
this salt in water the kathions Consist of K and the anions 
of the complex group PtCl 0 . This salt may therefore be 
considered to be derived from the acid H 2 PtCl 6 , chloro- 
platinic acid, and is called potassium chloroplatinate. 

Other examples of the first class of double salts are 
carnallite, KC1, MgCL,, 6H 2 0, and ferrous ammonium sul- 
phate, (NII l ) 2 S0 4 , FeS0 4 , 6II 2 0, and of the second class, 
potassium ferrocyanide, K 4 FeC 6 N fl , which yields the complex 
anion FeO fl N 6 . 

SEN. CUEM. 


B B 
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330. Faraday’s Laws of Electrolysis. — Faraday dis- 
covered two very important laws connected with the 
quantities of elements set free at the electrodes during 
electrolysis. They may be stated as follows : — 

1 st Law . — The quantity of an element set free during a 
given time is proportional to the strength of the current. 

2nd Law . — The quantities of the elements deposited in 
the same circuit are in the ratio of their chemical equiva- 
lents. 

The second law affords a very useful method of deter- 
mining chemical equivalents of metals. For suppose the 
same current is passed successively through three electro- 
lytic cells containing respectively (a) acidulated water, 
( b ) a solution of silver nitrate, (c) a solution of copper 



Solution Solution 

Fiti. 7.). 


sulphate, by connecting th6 cells in series with a battery as 
shown diagrammatically in Fig. 79 (the arrows indicate 
the direction of flow of the current). These cells form 
part of the same circuit, and according to Faraday’s second 
law the weights of hydrogen collected and of silver and 
copper deposited on the kathodes are in the ratio of their 
chemical equivalents. In order, then, to find the equiva- 
lents of silver arid copper, all that is necessary is to divide 
the weights of these elements deposited after passing the 
current for a suitable time by the weight of hydrogen 
evolved. 
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Suppose for example the weights were as follows r — 

Hydrogen 0 0104 gram. 

Silver 1*123 grams. 

Copper 0*328 gram. 

Then we have — 

1*123 
00104* 

1*123 
00104' 

Chemical Equivalent of Silver = 108. 

Similarly — 

Chemical Equivalent of Copper _ 0 328 
Chemical Equivalent of Hydrogen 0 01 04* 

•\ Chemical Equivalent of Copper = 31*5. 

If the equivalent of one metal is known, all that is 
necessary in order to find the equivalent of *a seerfluj is to 
include cells containing salts of each in the same circuit 
and find the increase in weight of the kathodes after a 
suitable time. 

Suppose, for example, the equivalent of silver is known 
to be 108 and the weights of silver and copper deposited 
when the same current is passed through solutions of silver 
nitrate aifd copper sulphate are 2*14 grams and 0*63 gram. 
Then we have — 

Chemical Equivalent of Copper __ 0*63 
Chemically quivafeifi of Silver 2*16* 

, Chemical Equivalent of Copper 0*63 

• * l0lT* ~ 2d6* 

Chemical Equivalent of Copper x 108 

= 31*5. 

It should be noted that the equivalent of copper found 
above is its equivalent in copper sulphate , i.e. in the -to 
state. If a solution of a cuprous salt (say cuprous chloride % 


Chemical Equivalent of Silver 
Chemical Equivalent of Hydrogen 
Chemical Equivalent of Silver 

I 
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dissolved in hydrochloric acid) were used, the equivalent 
would be found to be twice as great, i.e. 63. A similar 
remark applies to other elements which form -ous and -ic 
salts. 

331. Useful Applications. — Electro-depositions. — Tho 
principle of electrolysis has many useful applications in 
the arts. One of the oldest of these is the process of 
electro- plating. Here the object to be plated. is thoroughly 
cleaned and slightly roughened, and made the kathode of 
an electrolytic cell, the anode being a plate of the metal 
to bo deposited, and the electrolyto a solution of a salt of 
that metal, the current being supplied by a battery or 
dynamo. A thin and firmly adherent film of the metal 
— gold, silver, nickel, or what not — is deposited on the 
article to be plated, and the strength of the solution is 
kept up by the action of the electrolyte on the anode. 
Compare with this the above description of the electrolysis 
of zinc sjdpliato, when a zinc anode is used. 

The 1 most important electro -plating industry is electro- 
silvering. In this case the salt is a double cyanide* of 
silver and potassium, the '* bath ” being prepared by dis- 
solving one part (by weight) of silver cyanide and two of 
potassium cyanide in 40 of distilled water. The current is 
maintained until the deposit amounts to about one ounce 
per square foot, which corresponds to a thickness jof about 
6*ou iuck. 

Elect. ro-gilding is the art of coating objects with gold. 
The bath is a solution of tlje double cyanide of gold and 
potassium. The details are similar to those for electro- 
silvering, except that the current employed is weaker and 
the deposit thinner. * 

'Electro-nickeling is the art of coating objects (usually of 
steel, such as the handle-bars of bicycles) with nickel. The 
bath is a slightly acid solution of the double sulphate of 
nickel and ammonium. A good coat consists t of about -§ 
ounce per square foot, which represents about inch in 
thickness. 


Cyanides are derived from hydrocyanio aoid, HCN. 



PHENOMENA OF ELECTROLYSIS. 373 

Electro - coppering is the easiest of all the plating processes. 
The hath is simply a strong and very slightly acid solution 
of copper sulphate. When iron is the metal to bo coppered 
the simple copper sulphate bath is unsuitable, because tho 
sulphate would be rapidly decomposed by the iron ; in this 
case the bath consists of an alkaline solution of the double 
tartrate of copper and sodium obtained by adding excess of 
sodium hydroxide to a solution of copper sulphate and tar- 
taric acid. 

In electrotyping , the object is to produce not a thin 
adherent coat, but a thick one, which may bo readily 
detached from the mould which serves as the kathode, and 
which reproduces, with the utmost fidelity, all the form 
and relief of the original article. Engraved wood blocks, 
for instance, are thus reproduced in copper. A mould is 
first prepared in gutta-percha, plaster of Paris, or some 
other substance. The face of this mould is then black- 
leaded to form a conducting film, and the mould is hung in 
a solution of sulphate of copper, in which* it hectares the 
kathode, the anode being a sheet of copper suspended in 
the solution. When the deposited copper forms a layer 
•of sufficient thickness it is removed from the mould, 
backed with type metal, and mounted type-high* on a 
wood block. 

332. Electrometallurgy. — Many metals are now eco- 
nomically extracted from their compounds by electrolysis — 
sodium, for instance, the electrolyte being caustic soda 
melted by heat. Sodium and hydrogen separate at tho 
kathode (the latter being allowed to escape), and oxygen 
at the anode. Aluminium, is similarly obtained by the 
electrolysis of alumina dissolved in a bath of molten 
fluorides of aluminium, sodium, and calcium. Crude 
copper is also economically refined by using it for an anode, 
and re-depositing it in a state of purity upon rods or sheets 
of copper which serve as kathodes. In these cases the 
current is derived from a dynamo driven by steam- or 
water-power. 


J.e. the faoe is brought level with tho face of the typo. 
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QUESTIONS.— CHAPTEE XXV. 


1. Describe wliai you would observe on passing a current 

of electricity through aqueous solutions of the fol- 
lowing substances, using platinum electrodes: — 
(1) copper sulphate; (2) sulphuric acid; (3) caustic 
potash. 

2. Explain the meaning of the terms — electrolysis , ion, 

anode , kathode. 

3. What do you understand by an electrolyte ? Describe 

and explain as far as you can what takes place when 
an electric current is passed through (i) a solution of 
caustic soda, (ii) fused caustic soda. 

4. Describe and explain what takes place when a current 

otf electricity is passed through a solution of zinc 
' sulphate between platinum electrodes. 

5. The same electric current is passed through solutions of 

copper sulphate and stannic chloride. What will be 
the relationship between the weights of metals de- 
posited, and what law do they illustrate ? 

6. Give Faraday’s Laws of Electrolysis, and explain how 

you would prove them. 

7. Describe a method of determining the chemical equiva- 

lent of copper by meSms of electrolysis. 

8. Write a Bhort account of the applications of the 

principle of electrolysis which have been made in 
the arts., 


9. What are double salts ? Into what two classes can 
they be divided ? Illustrate your answer by exam- 
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333. Occurrence. — 

(1) As common salt, NaCI, in sea-water, and some inland 
lakes, and in lenticular deposits in rocks, moro 
especially in the strata of the ag« of the New Ked 
Sandstone. 

(2) As nitrate (Chili saltpetre) in the west of South 
America. 

(3) Occasionally in springs or inland lakes as sulphate, 
carbonate, or borate. 

(4) In many mineral silicates. 

The two first sources afford the principal supply of the 
raw material for the production of sodium salts. 

334. Preparation of the Metal. — Sodium was prepared 
on a large scale by heating carbon with sodium carbonate. 

Na,C0 3 + 20 = 2 Na + 3 CO. 

Castner improved on this process by replacing sodium 
carbonate by caustic soda — 

6 NaOH + 2C = 2 ISSa + 2 Na*CO, + 3H a . 

Electrolytic Method : Discovery of Sodium. — The above 
methods have now been almost entirely displaced by elec- 
trolytic methods. Until quite recently £used caustic soda 
was used exclusively as the electrolyte, but now fused 
sodium chloride is taking its place to a large extent. It is 
interesting to notice that when caustic soda is employed 
the method is identical in principle with that employed by 
Davy, the discoverer of sodium and potassium. Davy first 
isolated potassium and afterwards employed the same 
method for sodium. 
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He placed upon an insulated disc of platinum a small 
piece of pure caustic potasli, which had been exposed to 
the air for a few seconds, during which time it became 
deliquescent on the surface and was then in a condition 
to conduct the current. The disc constituted the negativo 
electrode and a platinum wire connected with the positive 
pole completed the circuit when brought into contact with 
the upper surface of the potash. The whole apparatus 
was in the open air. 

“Under these circumstances a vivid action was soon 
observed to take place. The potash began to fuse at both 
its points of electrisation. There was a violent efferves- 
cence at the upper surface ; at the lower, or negative, 
surface there was no liberation of elastic fluid, but small 
globules having a high metallic lustre, and being precisely 
similar in visible characters to quicksilver, appeared, 
some of which burnt with explosion and bright Hame 
as soon as they were formed, and others remained or 
were quickly covered by a white film which formed on 
Iheir ^uftaces.* 

These globules were potassium. Sodium was immedi- 
ately afterwards obtained in a similar way, though Davy 
found that soda was not so readily decomposed as potash. 
He found it impossible to obtain, with his battery of 100 
cells, pieces of sodium of more than fifteen or twenty 
grains in weight. 

335. Castner’s Electrolytic Process. — The apparatus now 
employed for the electrolysis of caustic soda, due to Cast- 
ner, consists essentially of a cylindrical iron pot, A (Fig. 80), 
containing the fused caustic soda which is kept at a tem- 
perature of not more than 20° above its melting point. 
Passiug up through the base of the pot is a metal rod, D, 
which is connected with the negative pole of a dynamo. It 
is sealed into the narrow continuation, M, of the pot by 
means of melted caustic soda, which has been allowed to 
solidify (F). The anode is a metal cylinder, B, which forms 
part of the cover of the pot, and is connected with the 
positive pole of the dynamo by means of G. The cover is 
yisulated from the pot by a pad of asbestos, K K. 
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The current passes through the annular space between 
the anode and the kathode, and it is here that the decom- 
position takes place. Sodium and hydrogen are liberated 
at the kathode and rise through the caustic soda into a 
cylindrical •receptacle, C, which is 
fastened to the cover of the pot. 

To the lower end of C is adapted 
a wire gauze cylinder, p, which 
surrounds the kathode, and pre- 
vents the sodium from rising 
otherwise than into C. The so- 
dium (E) collects on the surface 
of the caustic soda (in virtue of 
its lower specific gravity) and is 
removed periodically by a per- 
forated ladle, which allows the 

molten caustic to flow back into the vessel. The hydrogen 
escapes under the edges of the lid of C. Oxygen is 
evolved at the anode and escapes through # liol^ in the 
lid of A. * 



336. Properties of Sodium. — Sodium is a soft malleable 
metal of specific gravity 0974; it shows a silvery lustre 
when freshly cut, but rapidly tarnishes through oxidation, 
even at Ordinary temperatures. It melts at 956° C., and is' 
transformed into a violet vapour at about 740° C. It burns 
vividly in*oxygen and in chlorine, though these gases have 
no action upon it when perfectly dry. Like potassium it 
decomposes water at the ordinary temperature, the heat 
generated in the reaction bein£ insufficient to ignite the 
hydrogen (as it does in the case of potassium) ; if the 
sodium be, however, brought into contact with hot 
water, or water thickened with starch, the hydrogen in 
flames. • 

Metallic sodium was formerly of importance in the 
manufacture of aluminium, and is still used in the separa- 
tion of magnesium, silicon, and boron. Sodium amalgam is 
sometimes used instead of mercury alone in the extraction 
of gold and silver, and is employed in many reduction 
processes in organic chemistry. 
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337. Sodinm Hydride, NaH.— This substance was first prepared 
by Moissan, and its formation subsequently confirmed by Holt. It 
is obtained when a slow current of pure hydrogen is passed over 
sodium placed in a nickel boat, and heated to about 350° C., an 
ordinary small oombustion furnace being employed foe the heating 
of the sodium. Colourless matted crystals form just beyond the 
boat resembling cotton-wool in appearance. They are decomposed 
by water, giving NaOH and hydrogen, a reaction which may bo 
employed to determine the formula of the substance. The crystals 
undergo decomposition in moist air, and also when acted upon by 
HC1. Nitric and sulphurio acids and mercury h'ave no action on 
sodium hydride. 

338. Oxides of Sodium. — Sodium Monoxide, Na 2 0. — 
Sodium does not oxidise in perfectly dry air or oxygen at 
ordinary temperatures, but if heated in moist oxygen a 
mixture of the monoxide and dioxide is formed. The 
monoxide has lately been obtained in a purer form by 
heating sodium with sodium nitrate in the proportions 
required by the equation 

1 * 2 NaN0 3 + 10 Na = 6 Na a O + N r 

The monoxide is described as a greyish mass which* 
melts at a dull red heat and volatilises at a higher 
temperature. It combines readily with water, forming 
sodium hydroxide. — 

Na,0 + H 2 0 = 2Na0H. 

Sodium Dioxide, Na^, usually termed sodium peroxide, 
is a substance of some importance, and is formed by heat- 
ing sodium in air or oxygen. It was first obtained pure 
by Harcourt, who prepared it by heating sodium in a hard 
glass flask till it melted, arid then sending a slow current 
of dry air through the flask, the heating being continued 
till the product was a yellowish-white solid. « 

It is now prepared on a large scale by placing sodium on 
aluminium trays which are caused to pass, by ,a mechanical 
arrangement, through an iron tube heated to about 300° C., 
through which excess of air freed from moisture and carbon 
dioxide is continuously passed. About 93 per cent, of the 
product is Na,O r 
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The pure compound is white, but the commercial product 
is usually somewhat yellow in appearance. The prepara- 
tion of this substance on such a scale is a direct consequence 
of the production of sodium by the more rapid and less 
expensive methods of recent years. 

Sodium peroxido is stable in dry air, at ordinary tem- 
peratures, and does not give off oxygen unless heated to a 
high temperature. 

It decomposes water with evolution of oxygen — 

2 Na 2 0 2 + 2 H 2 0 = 4 NaOH + 0 2 , 

or, if the temperature is kept low, with formation of 
hydrogen peroxide — 

Na*O t + 2H 2 0 = 2NaOn + H 2 0 2 . 

In presence of dilute acids it yields hydrogen peroxide — 
Ka z 0 2 + 2 K 2 S0 4 = 2NaHSO, +H 2 0 2 . 

Sodium peroxide is made on a largo scale for*tbe pre- 
paration of soda bleach , which is a solution of the dioxide in 
. dilute hydrochloric acid ; and therefore contains hydrogen 
peroxide. It is sold in the solid form for a similar purpose, 
mixed with CaC^ or MgC^, a mixture which yields with 
water H 2 0 2 and the hydroxides of calcium and magnesium. 

It is, p,s one would expect, a powerful oxidising agent 
and is used as such in the laboratory in the analysis of 
certain minerals such as iron pyrites and chrome ironstone. 

Exp. 195. — Heat strongly in a nidkel crucible an intimate mixture 
of 1 part finely-powdered chrome ironstone, FeO.Cr 3 O s , and 6 parts 
sodium peroxide for some time, ^llow the fused mass to cool, extract 
with water, and filter. Observe the yellow filtrate, due to the 
formation of sodium chromate, and the reddish residue of ferrio 
oxide. Note also the strongly alkaline charaotet of the liquid. 

2Fe0.Cr 3 0, + 7Na 2 0 3 * Fe 2 0 3 + 4Na 2 CrOi + 3Na 2 0. 

839. Sodium Hydroxide or Caustic Soda, NaOH. — 
Caustic soda is prepared on a very large scale, being used 
in the making of soap and paper, for refining oils, and for 
many other purposes. 
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It is manufactured by boiling sodium carbonate solution 
with lime, when calcium carbonate is precipitated and 
caustic soda passes into solution — 

Ca(OH) 2 + NiitCO, = CaCO* .+ 2 NaOH. 

When the change is complete the mixture is allowed to 
settle and the clear liquor run off and evaporated till all 
the water has been driven off.* The fused caustic soda is 
then run into moulds, where it solidifies. , 

In actual practice the mother liquor which remains 
after the crystallisation of sodium carbonate from the 
“tank liquor ” of the Leblanc process (see § 351) is em- 
ployed. This liquor already contains some caustic sodaf 
as well as sodium carbonate. A number of impurities 
present are removed as far as possible by suitable treat- 
ment. 

Caustic Soda by Electrolysis. — Much caustic soda is now 
manufactured by the direct electrolysis of brine. 

The primary action is of course the separation of sodium 
and chlorine — ^ 

NaCl i- Na + CL 
The sodium acts on the water — 

2Na + 2 H 2 0 = 2 NaOH + H 2 . 

It is of importance to prevent the caustic soda and the 
chlorine coming in contact, since they act on each other, 
and reproduce salt, the following reactions taking place : — 

2 NaOH + Cl 2 = JTaClO + NaCl 4- H 2 0. 

3 NaCIO = NftCIO, + 2 NaCl. 

NaClOj + 6H = NaCl + 3H 2 0. 

Nascent 

Porous diaphragms, chiefly of asbestos, have been used 
to prevent the diffusion of caustic soda and chlorine, but 

* This may be tested by allowing a sample to oool, when it should 
solidify. 

t Produced during the lixiviation of the black ash by the action 
of lime (formed in the “black ash” process) on the sodium oar- 
r bonate (see § 351). 
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without much success. The apparatus of Castner and 
Kellner (Fig. 81), however, appears to have solved the 
problem. The brine chambers, 13 B, containing the carbon 
anodes, A A, are divided 
by partitions dipping into 
mercury from the central 
chamber containing the 
iron cathodes and caustic 
soda. In the outer cham- 
bers the mercury takes 



up sodium, forming an 
amalgam. The cell is 
given a slight rocking motion which carries the sodium 
amalgam into the central chamber. Here the amalgam 
acts as anode to the iron kathode ; the sodium goes into 
solution as caustic soda and hydrogen is evolved at the 
kathode. 


340. Properties of Sodium Hydroxide. — Sodium hydrox- 
ide is a white deliquescent solid with a fibrous structure, 
and is usually found in the laboratory in the form of sticks 
some 10 cm. long (formed by using stick-moulds in its 
manufacture). It dissolves in water with extreme readi- 
ness and considerable rise in temperature, forming a 
strongly alkaline solution. Both the solid and its aqueous 
solution absorb carbon dioxide very rapidly. Caustic soda 
exercises a strongly corrosive action on both animal and 
vegetable tissues. 

341. Sodium Chloride or Common Salt, NaCl. — This is 
by far the most important material as a sourco of sodium 
salts. In some cases it is obtained in the solid state from 
mines, but more usually it is brought to the surface in the 
form of brine and the salt recovered from this by evapora- 
tion in pans. On the Continent, in the case of weak brines 
it is customary to subject the liquor to a preliminary con- 
centration by allowing it to pass over stacks of twigs or 
brushwood. In England much of the salt is raised as 
brine, and some idea may be formed of the extensive use 
which is made of it, from the fact that over two million 
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tons of salt are produced annually, three- fourths of this 
in Cheshire, and the rest chiefly in Worcestershire and 
Durham. O 

Common salt is used as a glaze for earthenware and 
for culinary purposes ; also as the means of producing 
"salt-cake* 9 (sodium sulphate), -washing soda and “soda 
ash” (sodium carbonate), and caustic soda, etc. Under 
ordinary circumstances it separates out on evaporation in 
the anhydrous condition, but below — 2° C. it is obtained 
as NaC1.2H a O. 

Preparation of Pure Sodium Chloride. — The preparation 
of pure substances is often a matter of extreme importance 
to the chemist. The following is a convenient method by 
which sodium chloride may be obtained very pure. 

Exp. 196 . — Prepare a saturated solution of common salt, and pass 
into it a stream of hydrochloric acid gas, previously washed by being 
allowed to bubble through a bottle containing a small quantity in 
water. Crystals of NaCl will soon begin to fall out of solution. 
When a sufficient quantity have collected they inav be filtered by 
suction, hashed Vith a little pure strong HC1, finally with a little 
absolute alcohol, and then should be left to dry in a desiccator over 
H 2 S0 4 , or heated in a steam oven, and allowed to cool afterwards 
in a desiccator. 

The method of purification adopted in the preceding 
experiment depends upon the insolubility of sodium 
chloride in a strong solution of hydrochloric acid ; small 
quantities of impurities, such as magnesium chloride, 
remain in solution. 

342. Sodium Hypochloritb, NaClO, was formerly an im- 
portant bleaching agent ; like other hypochlorites, it 
evolves chlorine on treatment with dilute acids. It is 
obtained by the action of chlorine on dilute caustic 
soda — * 

Cl, + 2 NaOH = NaCl + NaClO + H 2 0. ‘ 

If the solution be hot and strong, and the" chlorine in 
excess, sodium chlorate will bo the main product. Sodium 
hypochlorite has recently been obtained in the solid state 
^in the form of impure crystals. 
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343. Sulphites of Sodium . — Sodium hydrogen sulphite , 
NaHSO a , is prepared in solution by passing sulphur 
dioxide to saturation into caustic soda or sodium carbonate 
(carbon dioxide being expelled in this case). An apple- 
green liquid results from which crystals of the salt are 
obtained with difficulty by allowing the solution to 
evaporate at ordinary temperature. 

If a quantity of caustic soda or sodium carbonate equal 
to that originally used in preparing the acid salt be added, 
normal sodium 'sulphite, Na 2 S0 3 is obtained. 

These salts when exposed to the air lake up oxygen 
slowly and become converted into the corresponding 
sulphates — 

2 NaHSOj + 0 2 = 2 NaHS0 4 . 

2 Na 2 S0 8 + 0 2 = 2 Na 2 S0 4 . 

Their readiness to pass into sulphates explains the fact 
that they are both powerful reducing agents. 

Thus they absorb chlorine, and the normal salt is on 
this account used to remove traces of chlorine from 
articles which have been treated with bleaching powder; 
hence it is termed an antichlor . 

NaHSOg + Cl 2 + H 2 0 = NaHSO, + 2 HC1. 

Na 2 SO s + Cl 2 + H.,0 = Na 2 S0 4 + 2 IIC1. 

Further, the normal Bulphite dissolves sulphur readily 
with formation of sodium thio-sulphate, Na 2 S 2 0 3 , and also 
the silver salts of the halogen acids. 

344. Sodium Sulphate, Na 2 SP 4 . — This salt is obtained 
in many chemical manufactures, such as those of hydro- 
chloric and nitric acids. It is known commercially as 
“ salt-cake.” The hydrated salt, Na.jSO4.lO H 2 0, is known 
as Glauber’s salt. It crystallises in colourless transparent 
prisms, which melt at 33° G. with decomposition into the 
anhydrous salt and water. 

The solubility curve of sodium sulphate (Fig. 82) is 
very interesting. It will be seen that there is an abrupt 
change in the direction of the curve at the point B, which 
corresponds to a temperature of 33° G. Now tnis is the 
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temperature at which the hydrated salt loses water as 
mentioned above, and the explanation of the change in 
direction of the curve is that the portion A B represents 
the solubility of the hydrated salt, and the portion B C 

that t)f the anhydrous 
salt. The dotted con- 
tinuation of the curve 
0 B shows that at tem- 
peratures below 33° 0. 
the anhydrous salt is 
more soluble than the 
hydrated salt. This can 
be proved by adding the 
former to a saturated 
solution of the latter, 
below 33° C. The solu- 
tion. dissolves some of 
the solid, although it is 
already saturated with 
the hydrated salt. 

Acid sodium sulphate , 
NaHS0 4 , is obtained when strong sulphuric acid acts on 
salt (or sodium nitrate), at a comparatively low tem- 
perature, as when the substances are heated in a glass 
retort. The change which takes place is represented by 
the equation 

NaCl + H,S0 4 = NallSO, + 1IC1. 

The salt may also be obtained by mixing equivalent 
solutions of the normal stdphate and sulphuric acid, and 
crystallising : — 

Na^SO, + H 2 S0 4 = 2 NaHS0 4 . 

The acid sulphate is much less soluble in water than the 
normal salt. 

345. Sodium Thiosulphate, Na 2 S 2 0 3 .5HA is the salt 
known to photographers as hyposulphite of soda . It may 
be obtained as mentioned above by direct combination of 
'•sulphur with sodium sulphite. 
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Preparation of Sodium Thiosulphate. — 

Exp. 197. — Dissolve some orystallised sodium sulphite almost to 
saturation, in water, in a beaker ; stir in flowers of sulphur till some 
remains undissolved, even on heating. Filter off the excels of sul- 
phur and o<dleot the*orystals that form on allowing the filtrate to 
cool. Four off the still liquid portion and dry the crystals by press- 
ing them between filter paper. 

It is made commercially by the action of Na 2 C0 3 on 
CaS 2 0 3 , the latter being formed by exposure to air of the 
tank-waste of the Leblanc process ( q.v .). Sodium thio- 
sulphato is permanent in air, but aqueous solutions slowly 
decompose witli formation of sodium sulphate and separation 
of »ulphur. On treatment with dilute acids, Na^O , evolves 
SO,, and gives a white precipitate of finely-divided sul- 
phur — 

N 1^8,0, + 2 HOI = 2 NaCl + SO, + S + H,0. 

Its use in “ fixing ” photographic plates depends on its 
power of dissolving the unaltered portions "of thfc §ilver 
compound on the plate. The action in the case of silver 
chloride (for example), is expressed by the equation 

Na,S 2 O tt + AgCl = Na Ag S 3 0 3 + NaCl. 

Sodium thiosulphate, like sodium sulphite, readily takes up 
chlorine, ^nd it is therefore employed as an antichlor, its 
action being expressed by the following equation : — 

■ Na,S,0 3 + Cl, + H a O = Na 2 S0 4 + 2 1IC1 + S,. 

Iodine also reacts with sodium thiosulphate, but in a 
different way, as shown in tlm equation 

2 NiijSaO, + I 2 = Na 2 S 4 0 6 + 2 Nal. 

Sodium tetrathiouate * 

This reaction is a quantitative one and is much employed 
in volumetric analyses. 

The uses of Na 2 S 2 O s in photography, as an antichlor in 
bleaching, and as a reagent in volumetric analysis, make 
it one of the most important of sodium compounds. 

SEN. CHEM. C O 
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346. Sodium Nitrate or Chili Saltpetre, NaN0 3 , is found 
in the almost rainless districts of Chili, Peru, and Bolivia. 
It is very soluble in water, from which it crystallises as 
the anhydrous salt in obtuse rhomboliedra almost like cubes 
(hence the name “cubic nitre ”). It is largely used as a 
manure and also in the manufacture of li 2 S0 4 , HNO a , and 
KN O.,. It cannot be substituted for potassium nitrate in 
gunpowder owing to its hygroscopic nature. 

347. Phosphates of Sodium. — Phosphoric acid being tri- 
basic, there are three sodium phosphates, viz. Na 3 P0 4 , 
Na,HP0 4 , and NaH 2 P0 4 . Ordinary commercial sodium 
phosphate is the second of these compounds. It crystallises 
in transparent prisms with 12 molecules of water, and is 
obtained by adding sodium carbonate to phosphoric acid 
till the solution is just alkaline, and then evaporating. The 
two other phosphates of sodium are obtained by adding 
phosphoric acid or caustic soda to the ordinary phosphate — 

• ‘ Na 2 HP0 4 + H 3 P0 4 = 2 NaH 2 P0 4 

Na 2 HP0 4 + ilaOH = Na.JP0 4 + H,0. 

Of the three phosphates the normal salt, Na a P0 4 , is 
strong alkaline in solution, the ordinary phosphate is 
slightly alkaline, whilst NalI 2 P0 4 has a distinctly acid 
reaction. It is frequently found that the normal salts 
of strong bases with weak acids are alkaline. It is 
probable that water in such cases decomposes the salt 
into its constituent base and acid; hence, since caustic 
soda is dissociated in solution to a far greater extent than 
phosphoric acid, there are more hydroxyl ions than hydrogen 
ions present, so that the solution is alkaline. 

The dihydrogen salt is converted by heat into the meta- 
phosphate and ‘the monohydrogen salt into the pyrophos- 
phate. 

NaH 3 P0 4 = NaP0 3 + IhO 
Na 2 HP0 4 = Na 4 P 2 0 7 + 11,0. 

Sodium Ammonium Hydrogen Phosphate, or tticrocos- 
mic Salt, NaH(NH 4 )PO A .4 II, O, is obtained by the double 
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decomposition of sodium phosphate with ammonium 
chloride. 

JSTa 2 HP0 4 + JN r IT 4 Cl = Nad + NaH(NH 4 )P0 4 . 

Preparation of Microcosmic Salt. — 

Exp. 198. — Dissolve 36 grammes of the common sodium phosphate, 
Na 2 HP0 4 . l‘2H a O, in as small a quantity of hot water as possible, 
and add 6 grammes of ammonium chloride dissolved in a small 
volume of watei;. On cooling, crystals of microcosmic salt fall out 
of solution. These should be filtered off, washed with a little cold 
water, and dried between several folds of filter paper. 

Heat a small quantity of the crystals in a dry tube till the residue 
is fused and glassy. Test the evolved gas for ammonia, and the 
residue for NaP0 3 . This dissolved in water will give a white pre- 
cipitate with AgN0 3 if the decomposition has been complete. 

This salt, like dihydrogen sodium phosphate, is converted 
into sodium metaphosphate on heating — 

Naii-NH 4 P0 4 = NaP0 3 + H,0 + NH 3 . 

• * 

348. Silicates of Sodium. — A strong solution of sOdiuin 
silicate, known as water-glass, is used for coating the surface 
.of stone ; it is also employed in the manufacture of certain 
forms of soap, in calico printing, wool cleansing, etc. It 
is prepared by fusing sodium carbonate with sand or by 
heating sand with caustic soda under pressure. 

• 

349. Sodium Pyroborate, Borax, Na. 2 B 4 0 7 ,10H 2 0, occurs 
as a deposit on the site of dried-up inland lakes in some 
parts of India, in Tibet, and in California. It is extracted 
by simply boiling with water utitil a concentrated solution 
is obtained, and then after settling it is allowed to crystal- 
lise out. The boric acid froul the lagoons of Tuscany also 
furnishes it by digestion with soda-ash. It crystallises in 
monoclinic prisms and is very much mord soluble in hot 
water than cold ; 100 parts of water dissolve about five 
parts of borax at ordinary temperatures and about 200 
parts at 100^ C. 

When heated it is transformed into a soft sponj jy mass 
consisting of the anhydrous salt which is used in welding 
iron. Prolonged heating converts borax into a transparent* 
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glassy mass, borax glass or anhydrous borax, which has the 
property of dissolving many metallic oxides, some of which, 
such as those of iron, manganese, cobalt, etc., yield coloured 
glasses which serve for the detection of the metals. Borax 
finds many applications in the arts, and' on account of its 
powerful antiseptic properties it is also employed for pre- 
serving articles of food. 

The solution of borax in water is quite distinctly alka- 
line, sufficiently so in fact to allow of the substance being 
used as a weak alkali for some purposes. The alkalinity 
of the solution is explained on the same lines as that of a 
solution of sodium phosphate (§ 347), boric acid being a 
very weak acid. 

350. Sodium Carbonate, Na 2 C0 3 , was formerly obtained 
by burning seaweed and extracting the ash with water. In 
this crude form it was known as barilla. It is now prepared 
from salt on a very large scale by (1) the Leblanc process, 
(2) the ^mmoipa-soda process, or (3) indirectly from caustic 
soda, % the latter being obtained by the electrolysis of brine. 

351. The Leblanc Process.— -Salt is converted first into 
salt-cake, Na 2 S0 4 , by the action of sulphuric acid. This is 
done in two stages, the first being carried out at a gentle 
heat in a shallow cast-iron pan (see Fig. 83), the reaction 
being— 

NaCl + H 2 S0 4 = NaTTSO* + HC1. 

The charge is then raked out of the pan and exposed -to a 
stronger heat on the bed of a reverberatory* furnace, when 
further action takes place as expressed in the equation 

NaCl + NaHS0 4 *= Na,S0 4 + HC1. 

It would thus appear that half tho hydrochloric acid is 
given off during the treatment in the pan (called “ pan- 
gas ”) and half during roasting on the bed of f the furnace 
(called 44 roaster- gas ”), though these equations do not accu- 

f * I.e. a furnace with a roof which defleots the flames from the 
*flre down on to the materials on the bed of the furnace. 
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rately represent the stages as they occur in practice, for a 
larger proportion of the gas is evolved in the former pro- 
cess. The hydrochloric acid gas is cooled and condensed by 
being passed first through a serins of pipes and ultimately 
through towers packed with coke over which a continual 
stream of water is kept flowing. 
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Sodium sulphate in a very pure form is also prepaid by 
the Hargreaves process. This consists in bringing sulphur 
•dioxide (prepared from iron pyrites), air, and steam into 
intimate contact with common salt at about 500° C. The 
reaction which ensues may be represented by the equa- 
tion 

4 NaCl + 2 SO, + 0 2 + 2H,0 = 2 Na.S0 4 + 4 HC1. 

The salt-cake produced by either of the above processes 
is then converted into " black ush.” It is mixed with the 
requisite quantities of coal and limestone or chalk and 
introduced into a “ revolver ” furnace. This consists of a 
long cylinder lined with fire-brick, through which the 
flames from an external fire are passed. , The furnace is 
revolved slowly on its axis during the operation; this 
brings about a thorough mixing of the charge, and con- 
tinually exposes a fresh surface to the flames. The 
principal change which takes place is represented by the 
equation 

Na J S0 4 4- CaCO, + 20 = Na*CO g + CaS + 2 CO r • 
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Towards the end of the reaction, carbon monoxide is 
given off owing to the interaction between the excess of 
limestone and coal used — 

CaC0 3 + C = CaO I- 2 CO. 

When the reaction is complete, the molten mass is 
poured out through a door into trucks and allowed to cool, 
forming blocks of black ash (so called from the colour). 

The black ash is next broken up and lixiviated ( i.e . 
digested with water) to dissolve out the sodium car- 
bonate, forming “tank liquor' 1 ; a bulky residue called 
“tank waste’ 1 or “ alkali waste 11 is left. The process of 
lixiviation is rendered as economical as possible by arrang- 
ing the operation in such a way that the fresh water is 
pumped upon the nearly exhausted ash; as the solution 
gradually becomes more saturated it is pumped succes- 
sively upon less and less exhausted ash until it reaches the 
saturation point. # 

The saturated liquor, after settling, is run into shallow 
pans and evaporated by means of the hot waste gases from 
the revolver furnaces which are caused to pass over its 
surface. Crude sodium carbonate separates out, and the 
crystals are drawn on to drainers placed at the front 
of the pans. In this way the impure monohydrated 
carbonate, Na 2 C0 3 *H./), is obtained,* whilst any caustic 
soda and most of the other impurities remain in the mother 
liquor. The crystals are now calcined in a reverberatory 
furnace to get rid of the water of crystallisation and 
also to burn off organic matter and transform as much as 
possible of the impurities (such as sulphide and hydroxide) 
into carbonate, known in commerce as soda ash. 

In order to convert soda ash (Na 2 C0 8 ) into crystals of 
washing soda (Na 2 CO s ,10H 2 O) it is dissolved in water and 
the solution evaporated and allowed to cool. 

352. The Ammonia-Soda Process. — By this process com- 
mon salt is converted directly into sodium bicarbonate. It 
consists essentially in passing carbon dioxide through an 

* This salt separates out if the temperature of the solution is 
'Above 35* C. (see | 353). 
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atmnoniacal solution of common salt, when the reaction 
takes the form 

NaCl + NH 3 4- C0 2 + 11,0 = Na HCO t + NH.Ol. 

Brine is* first almost saturated with ammonia and is then 
run through the pipe A down a tower built of sheet-iron 
of the construction shown (Fig. 81). 

The tower is 6 ft. in diameter and at ^ E 
least 50 ft. high ; at intervals of about vv !r 
3 ft. there are compound diaphragms 
made up of a horizontal flat plate with 
a large hole in the centre, and over this 
a curved plate perforated with small 
holes ' and deeply cut into grooves 
round the circumference, as shown in 
Figs. 85 and 86. 

The carbon dioxide is forced in under 
pressure at the base of the tcfwer at B, 
and as it rises upwards it meets at the 
perforations the thin layer of brine 
which spreads itself over the sieve-like 
plates. The sodium bicarbonate which 
forms is carried down through the slits 
at the edge of the diaphragm. It col- 
lects at the base of the tower C, form- 
ing a fluid of creamy consistency, and 
this is periodically drawn off at I), and 
the salt is separated from it by filtra- 
tion. The carbon dioxide carries for- 
ward with it a certain amount of am- 
monia, which is recovered by washing 
the gas after it leaves the tipper part 
of the tower by the pipe E ; in order 
to reduce the quantity of ammonia 
carried off in this way it is usual to 
introduce the brine at about the middle of the tower. 

The bicarbonate is heated in order to transform it into 
carbonate — 
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2 NaHCO, = Na^CO, + H,0 + CO* 
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and tlie C0 2 used in the process is obtained partly in this 
way, but chiefly (mixed with nitrogen) from lime-kilns. 

It will be noticed that ammonium chloride (also 
ammonium carbonate) is formed and remains in the 
liquors. The ammonia alone is recovered from this by 
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heating it along with milk of lime in a specially con- 
structed still — • 

. 2f NH 4 Cl + CaO ^ CaCl, + 2 NH 3 + II, O. 

(NH 4 ) a CO, + CaO = OaCO + 2 NH 3 + I1 2 0. 

The whole of the chlorine contained in the sodium chloride 
is lost and passes away in the waste liquors as calcium 
chloride, but this loss is compensated by the purity of 
the resulting sodium carbonate, and by the economy in 
this process as compared with that of Leblanc, In which 
the carbonate iB made by a much more complicated 
method. 

It must be pointed out t that the reaction by which 
sodium bicarbonate is formed in the Ammonia-soda process 
is a reversible one, i.e. sodium bicarbonate and ammonium 
chloride react under suitable conditions to form sodium 
chloride and amgaonium bicarbonate. 

NaHCOj + NH 4 C1 = NaCl + NIJJJCO,. 

This is the reverse of the action 

NaCl + NH 4 HCO, = NaHCO, + NH 4 C1. 

, We may consider that the reaction given above between 
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common salt, ammonia, carbon dioxide, and water takes 
place in two stages, of which the first is 

nh 3 + co 2 + h 2 o = NH 4 HCO s , 

and the second thd reaction just given. 

Now the reaction in which sodium bicarbonate is formed 
requires a low temperature, the reverse change taking 
place if the temperature rises too high. Hence in practice 
the temperature is kept low by the following procedure. 

(a) During the solution of the NH 3 in the brine, the 
liquid is cooled by cold water running through a worm 
contained in the absorption apparatus. 

(I b ) The liquid is subsequently cooled before being sent 
into the carbonating tower. 

( c ) The carbonating tower itself is cooled by running 
cold water over the outside whilst it is working. 

353. Commercial Forms of godium Carbonate. — Sodium 
carbonate comes into the market in three forays: — (1) 
Carbonate of soda , or soda-ash , Na 2 C0 3 ; (2) crystal car- 
bonate , Na..,C0 3 .11.0; and (3) soda crystals or washing 
soda, Na,C0 3 . 10 H,0. 

Properties of Sodium Carbonate. — Anhydrous sodium 
carbonate is a white powder which melts on strongly heat- 
ing and solidifies again to a white porous mass, it dis- 
solves readily in water with rise in temperature and forma- 
tion of an alkaline solution. 

From this solution three different hydrated salts separate 
out according to the temperature, as indicated below : — 

Above 35° C., * Na,CO, . 11,0. 

Between 82° and 35° C. ( Na.CO, . 7 H.O. 

Below 32° C., * NaXJO, . 10 11,0. 

The decaliydrated salt, common washfhg soda, forms 
large transparent crystals which effloresce in dry air falling 
to a powder consisting of the monohydrated salt. When 
the crystals are gently heated they melt in their water of 
crystallisation, and then lose water, being converted into 
the monohydrate ; the remaining molecule of water is lost 
at a temperature slightly above the boiling point of water .• 
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354. Hydrogen Sodium Carbonate, or sodium bicar- 
bonate, is obtained on the large scale by the ammonia- 
soda process above described. It is also formed by the 
action of carbon dioxide on the normal carbonate, either 
crystalline or in solution — 

Na.CO, + H,0 + C0 2 = 2 NalI00 3 . 

NaHC0 3 is a white powder, much less soluble in water 
than the normal carbonate. On heating .the solid bicar- 
bonate, or on prolonged boiling of its solution, the above 
reaction is reversed, the normal carbonate being formed 
again. 


QUESTIONS. — CHAPTER XXVI. 

1. Describe the method by. which Davy obtained sodium 

and the modifications which have since been intro- 
« cfuced in the method so as to render it suitable for 
the preparation of the metal on the large scale. 

2. Describe the preparation of pure sodium peroxide. 

How is it made on the large scale ? What experi- 
ments would you perform to obtain from this sub- 
stance (a) oxygen, (&) hydrogen peroxide? Explain 
its use in the analysis of minerals such as chrome 
ironstone, and as a bleaching agent. 

3. How would you prepare specimens of pure caustic 

soda and pure sodium chloride respectively? How 
can both these substoinces be converted into sodium 
arbonate and bicarbonate respectively ? 

4. Describe the methods of. theoretical and practical im- 

portance by which sodium sulphate is obtained. 
Indicate the steps by which this substance is con- 
verted by the Leblanc process into sodium carbonate. 

5. What is the nature of the substance obtained by 

boiling sodium sulphite solution with sulphur ? 
How would you prepare a fairly pure specimen of 
the substance? Describe the behaviour of the 
substance towards air, water, and acids. 
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6. Explain the use of sodium thiosulphate ( a ) as an 

antichlor, ( b ) as a reagent in volumetric analysis, 
(c) in photography. 

7. What is the formula for microcosmic salt ? How would 

you prepare a specimen of this body ? Describe the 
effect of heat upon the substance. 

8. What is borax ? How is it usually prepared ? What 

happens when it is heated P How do you explain 
the alkalinity of a solution of borax ? 
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POTASSIUM AND AMMONIUM. 

POTASSIUM. 

355. Occurrence. — Potash occurs in combination chiefly 
with alumina and silica in the older rocks as potash fel- 
spar (orthoclase) K 2 0. Al 2 0 3 .6Si0 2 , potash mica (muscovite) 
(KH 2 )Al 3 (Si0 4 ) 3 , and in other mineral silicates. It is also 
found locally in the neighbourhood of Stassfurt as (Jar- 
nallite,«KCl.MgCl 2 .6 H 2 0, in East Galicia as Sylvine, KOI, 
and ks nitrate in the form of an efflorescence on the soil in 
the rainless districts of Peru, Chili, etc. 

The ash of plants contains a notable quantity of potas.- 
sium salts, chiefly carbonate, which may be extracted by 
water. Almost the whole of the potash salts used to be 
obtained in this way, and from the fact of their being ex- 
tracted by boiling their ash in pots the salts were termed 
“ Pot-ashes ” (hence 'potash), a more refined product being 
called " pearl-ash.” 

In more recent times the residues from the manufacture 
of beetroot sugar have been employed as a source of potas- 
sium salts, the liquors being evaporated and calcined ; a 
product is thus obtained which contains about 60 per cent, 
of potassium salts. The washings of sheep’s wool (“ suint”) 
by similar treatment yield a residue containing about 90 
per cent, of potassium salts. The ashes from “ kelp ” were 
formerly largely extracted, but now are employed to a 
smaller extent, and only crude salts are prepared from them. 
By far the most important source of potassium salts is the 
mines at Stassfurt, where over 100,000 tons of the chloride 
are annually produced. 
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356. Metal. — This was first obtained by Davy in 1807 
by the electrolytic decomposition of fused caustic potash 
(see § 334). It was afterwards prepared on a larger scale 
by Gay Lussac and Thenard by strongly heating caustic 
potash in contact with metallic iron. 

One method in use at the present time for the manufac- 
ture of potassium consists in heating an intimate mixture 
of potassium carbonate and carbon (obtained by igniting 
crude potassiuip. tartrate in a closed vessel) in cylindrical 
iron retorts placed horizontally, as shown in Fig. 87. The 
principal reaction is 

K 2 C0 3 + 2C — 2K+3 CO. 

The carbon monoxide and vapours of potassium pass olT 
by the tube into a receiver which presents a large area for 
cooling. The receiver, 
as shown in the figure, 
is made up of two flat 
plates screwed together 
so as to leave a narrow 
space between them, 
and the potassium con- 
denses between these 
and is periodically re- 
moved and preserved 
in petroleum. 

This method never 
gives anything near 
the theoretical yield ot* 
potassium, and it is ac- * Fig. 87. 

companied by the for- 
mation of a black explosive carbonyl compound K 6 C 6 0 6 , 
which renders the manufacture dangerous. The object of 
the special flat condenser shown above is to "Cool the potas- 
sium as rapidly as possible, as this diminishes, though it 
does not entirely prevent, the formation of the explosive 
compound. 

Another method now employed for the manufacture of 
potassium consists in the electrolysis of fused potassium 
chloride. 
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Properties. — Potassium is a soft metal with a silvery 
lustre ; it has a sp. gr. of 0*875, and is lighter than sodium ; 
it melts at 62° C. and bods at a dull red heat, forming a 
green vapour, whose density is 19. Though not acted 
upon by perfectly dry oxygen it rapidly tarnishes by oxi- 
dation in moist air even at ordinary temperatures. It 
likewise combines directly with hydrogen and the halogens 
and with sulphur, selenium, and phosphorus when heated. 
It decomposes water at ordinary temperatures according to 
the equation 

2K + 2 H 2 0 = 2 KOH + 

and almost all oxides undergo a partial or complete reduc- 
tion if they are heated in contact with potassium. K and 
Na in the proportions 2 K;Na form an alloy which is 
liquid at ordinary temperatures. 

357. Potassium hydride, KH.--Tkis substance has, like the cor- 
responding Bodkim compound, been recently prepared by Moissan. 
PureMry hydrogen is passed ovei potassium heated to 360°. The 
hydride consists of slender white acicular needles ; it is insoluble 
in benzene, ether, and carbon bisulphide, but is readily decomposed 
by atmospheric air and by water. 


358. Oxides of Potassium. — Potassium Monoxide, Kfi. 
— This oxide, like the corresponding sodium compound, 
has recently been prepared by heating potassium with 
potassium nitrate in the proportions required by the 
equation 

2 KN0 3 + 10 K = 6 Kfi + N r 

It is a greyish non-lustro^s solid which forms potassium 
hydroxide when added to water. 

Potassium T^troxide. — By gradual heating of potassium 
in air or oxygen it passes into a chrome yellow powder 
consisting of the tetroxide , K,0 4 . This oxide is a powerful 
oxidising agent, and when heated in carbon monoxide 
oxidises it and forms potassium carbonate, oxygen being 
also given off — 

K A + CO = K,CO b + O r 
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359. The Hydroxide is obtained (1) when water is acted 
upon by metallic potassium, or (2) when a solution of 
potassium carbonate is boiled with milk of lime — 

Ca(OH) 2 4- K 2 C0 3 = CaCO, + 2 KOH. 

The boiling is continued till a sample of the supernatant 
liquid, after settling, no longer effervesces when dilute 
acid is added to it. The calcium carbonate is then settled 
out and the clear liquid decanted off and boiled down to 
expel water until it is found to solidify on cooling. It 
usually contains as impurities, alumina, silica, and carbon- 
ates of calcium and potassium ; these arc all insoluble in 
alcohol, whilst potash is freely soluble. By shaking up the 
potash with alcohol the impurities are left undissolved, 
and can be allowed to settle ; if the clear solution is boiled 
down in a silver basin, pure potash is left behind. 

Exp. 199. — Prepare puro caustic pfttash from potassium carbonate 
as just described. ^ j 

V -» 

Caustic potash may also be obtained by the double 
decomposition of the sulphate with barium hydroxide — 

K 2 S0 4 + Ba(OH) 2 = 2 KOH + BaS0 4 . 

The barium sulphate is an insoluble heavy powder which 
may be readily settled out. 

Caustic potash is, as its name implies, strongly caustic 
and acts very powerfully on animal and vegetable tissue ; 
wheil exposed to air it readily takes up carbon dioxide, 
forming the carbonate. Other gases, as for instance S0 2 , 
Cl 2 , and HjS, are also taken up by it, so that it is often of 
service for the removal of such gases when they occur as 
impurities. It is one of the most active bases, and from 
it most of the salts of potassium may be prepared by the 
addition of an equivalent amount of the corresponding acid. 

360. Potassium Chloride, KC1, is formed by direct union 
of its elements, or by neutralising caustic potash by means 
of hydrochloric acid. Like sodium chloride, it crystallises 
in the anhydrous condition in cubes. It is less soluble 
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than sodium chloride at low temperatures and much more 
soluble at higher temperatures, as shown by the solubility 
curves in Pig. 88. Hence, if a saturated solution contain- 
ing both chlorides is gradually cooled down, it is chiefly 
potassium chloride which crystallises out, and in this way 
the two chlorides are separated from one another on the 
large scale. 

A little sodium chloride will separate out along with the 
potassium chloride, but this may be removed by redissolv- 
ing the salt in hot water and allowing the solution to 



crystallise. The potassium chloride will now separate out 
while the sodium salt remains dissolved, because there is 
not sufficient of it present to saturate the solution. This 
illustrates the process of fractional crystallisation which is 
very frequently utilised for the purification of salts. 

361. Potassium Bromide, KBr, is more readily soluble 
in water than the chloride ; it may be obtained by adding 
hydrobromic acid to the hydroxide or carbonate, or better 
by mixing together warm solutions of potassium carbonate 
and bromide of iron, obtained by adding bromine to moist- 
ened iron filings. The following are the reactions : — 

(1) Fe+Br 2 = FeBr 2 . 

(2) 3 FeBr a -f Br a = FegBr 0 (ferroso-ferric bromide) . 

(3) Fe 3 Br 9 +4 K 2 C0 8 +4 H 2 0 = Fe 3 (OH) 8 +8 KBr+4 CO a . 

The hydroxide of iron being insoluble can be separated by 
filtration. The solution on evaporation and cooling de- 
posits cubic crystals of potassium bromide. 
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362. Potassium Iodide, KI, is obtained by similar 
methods to those employed for the bromide; on the large 
scale a method similar to the last of these is employed, 
iodine being used in place of bromine. Potassium iodide 
may also be obtained by the action of iodine on caustic 
potash — 

3 I 3 + 6 KOII = 5 KI + KI0 3 + 3 H 3 0. 

At a red heat the iodato is reduced by carbon — 

KI0 3 + 3 C = KI + 3 CO. 

It is also decomposed on heating alone, but a higher 
temperature is required — 

2 KI0 3 = 2 KI + 3 O r 

Exp. 200. — Take about 50 o.e. of strong caustic potash and add 
iodine to it gradually till the liquid acquires a permanent yellow 
colour ( i.e . the KOH has dissolved as much iodine as it can take 
up). Evaporate the liquid to dryness and transfdt the r^si^ue (a 
mixture of KI and Kit),) to a hard glass tube. Heat strongly and 
prove that oxygen is evolved. When the evolution of oxygen ceases 
allow the residue to cool, dissolve it in water and crystallise out 
the potassium iodide. 

This salt can be vaporised without decomposition ; a 
determination of its vapour density at a bright red heat 
gave a vahie corresponding to the formula KI. Potassium 
iodide is freely soluble in water and in alcohol, and its 
solutions dissolve iodine. At 20° C., 100 pts. of water 
dissolve 35, 65, and 144 pts. of *KC1, KBr, and KI respec- 
tively. These three salts exhibit a similar gradation of 
properties in their melting points and densities. They all 
crystallise in cubes. 

Chlorine water sots free the halogen element from bro- 
mide and iodide of potassium — 

3 KI + Cl = 2 KC1 + I3. 

Tf a concentrated solution of potassium iodide be satur- 
ated with iodine and left over sulphuric acid, dark blue 
needles of the triiodide KI 3 separate out. 

SEN. OHEM. 


DD 
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363. Potassium Hypochlorite, KC10, is only known in 
solution ; it is prepared by acting on a solution of caustic 
potash with chlorine in the cold — 

2 KOH + CL = KCIO + KC1, 4- IT,0 ; 

Potassium hypochlorite, like the sodium salt, was formerly 
used as a bleaching agent on account of the readiness with 
which it gives up chlorine on treatment with dilute acids — 

KCIO 4 2 IIC1 = KC1 4- H a O 4' Cl,. 

Potassium and sodium hypochlorites constitute useful 
oxidising agents, since they readily give up oxygen to 
many substances in alkaline solution. Litharge ^PbO), 
for example, is converted into lead dioxide (PbO a ) by either 
of these salts — 

Pl>0 4- NaOCl = Pb0 2 4- NaCl. 

364. Potassium Chlorate, KC10 S . — When chloriue is 
passed h into £ hot solution of caustic potash, potassium 
chlorate is formed, together with the chloride, according 
to the equation 

6 KOH + 3 Cl, - KCIO, + 5 KCl 4 3 H,0. 

The employment of so large a quantity of the expensive 
potassium salt, and the difficulty of recovering it, has led 
to the adoption ol a modification of the method, where 
potassium chlorate is prepared on the large scale. 

This consists in the formation of calcium chlorate by 
saturating a warm mixturaof lime and water with chlorine, 
the reaction being similar to that with potash — 

6 CaCOH), + 6 Cl, = CaC01O 3 ) a 4- 5 OaCL, 4 6 H.O- 

The liquid, after being allowed to settle, is run off and 
concentrated somewhat by evaporation ; potassium chloride 
in slight excess of the equivalent for Ca(C10 3 ), is added, 
and a double decomposition takes place — 

Ca(C10 3 ) 2 4 2 KCl = 2 KCIO, 4 CaCl,. 

v The potassium chlorate is much less soluble than the 
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calcium chloride, so that, on further concentration and 
careful cooling, crystals of potassium chlorate separate. 
This is then purified by recrystallisation, 

Exp. 201. —Prepare crystals of pure potassium chlorate starting 
with milk of lime and using the method just described. Test the 
purity of your specimen by adding AgN0 3 to an aqueous solution. 
If the KC10 3 is quite pure there should be no pxecipitate, showing 
the absence of chlorides. 

Potassium chlorate is used for the preparation of oxygen, 
and is, in presence of mineral acids, a powerful oxidising 
agent ; it is also largely employed in the manufacture of 
matches and in pyrotechny. 

365. Potassium Perchlorate, KC10 r — This is the most 
stable of the series of potassium salts derived from the oxy- 
acids of chlorine. It is obtained (with chloride) by heat- 
ing potassium chlorate until the salt becomes pasty. 

4 KCIO3 = 3 KC10 1 + KC1/ * # 

Any chlorate which remains may be decomposed by warm- 
ing with concentrated hydrochloric acid, which is without 
action on the perchlorate ; the chloride is much more 
soluble in water than the perchlorate, so that the latter 
may be readily separated by crystallisation. 

366. Potassium Sulphate, K^SO^ is found in the neigh- 
bourhood of Stassfurt in the mineral kainite, K 2 S0 4 .MgS0 4 . 
MgClj. 6 H 2 0, from which it can be obtained by fractional 
crystallisation. Magnesium chJbride remains in the mother 
liquors, and a hot saturated solution of the crystals, K 2 S0 4 . 
MgS0 4 . 6 H 2 0, which separate, is digested with solid potas- 
sium chloride, when the following reaction takes place : — 

K,S0 4 .MgS0 4 + 3 KC1 =; 2 K a S0 4 +‘KCl.MgCl a . 

The potassium sulphate crystallises much more readily 
than the potassium magnesium chloride, and may thus be 
easily separated from the liquid. 

Potassium sulphate is also made by the action of sul- 
phuric acid on the chloride, after a manner similar to thafe 
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employed on the larger scale for sodium sulphate ; it is 
chiefly used in agriculture. 

Potassium Hydrogen Sulphate, KHS0 4 . — When potassium 
chloride or nitrate is treated with excess of sulphuric acid 
until the hydrochloric or nitric acid is' volatilised and the 
liquid is then allowed to cool, crystals of this salt separate 
out. 

Many minerals which withstand the action of acids are 
brought into a soluble form by fusion with .this salt. Thus 
chrome ironstone, PeO.Cr 2 O s , on fusion with KHS0 4 yields a 
mixture of chromium and iron sulphates. The salt behaves, 
in fact, like sulphuric acid, but a much higher temperature 
is possible than with H 2 S0 4 alone. It is on this account 
used for the purpose of cleaning platinum crucibles. 

367. Potassium Nitrate, KN 0 3 , known also by the familiar 
names nitre or saltpetre, is found in the surface soils in 
India and Persia, where a sufficiency of nitrogenous matter 
exists, n,nd tjie climate is sufficiently dry to allow of its 
accumulation. 

It is manufactured by boiling togother concentrated 
solutions of Chili saltpetre (NaN0 3 ) and potassium 
chloride, when a double decomposition takes place, and 
sodium chloride, which is much less soluble in hot water 
than nitre, though more soluble in cold water , separates 
out and is removed in the heat by canvas filters ; potassium 
nitrate crystallises out from the mother liquor on cooling. 

It is obtained also artificially by a method resembling 
that by which it is formed in the soils of eastern countries. 
Heaps of ashes and lime art* drenched with urine and other 
nitrogenous refuse ; after being exposed to the air for some 
time the nitrogenous substances become oxidised (by the 
agency of bacteria), and, on lixiviation, the liquor is found 
to contain large quantities of nitrates. Treatment with 
potassium carbonate gives rise to the formation of potassium 
nitrate, which can be extracted in a crude form by crystalli- 
sation after filtering off the precipitated calcium carbonate. 

Potassium nitrate is very soluble in water ; 100 parts of 
water at 15° C. dissolve 26 parts of the salt, and at 100° C. 
t about 250 parts. 
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When strongly heated it gives off oxygen, and is trans- 
formed into potassium nitrite, KNO^, and in presence of 
charcoal a violent deflagration takes place, the reaction 
approximating to the equation 

4 KN0 3 + 5C = 2 K,CO a + 3 CO* + 2 N a . 

Potassium nitrate is therefore a powerful oxidising agent, 
organic substances and carbonaceous matter if fused with 
it being readily’decomposed with the formation of potassium 
carbonate, carbon dioxide, and carbon monoxide. 

Sulphur under similar circumstances is oxidised with the 
formation of potassium sulphate and sulphur dioxide — 

2 kno 3 + 2 s = k,so 4 + S 0 2 + JST 2 . 

868. Gunpowder. — A mixture of potassium nitrate, char- 
coal, and sulphur finds application as gunpowder, the 
propelling power of which is dme to the fact that the nitrate 
supplies oxygen by which the combustion ef the*sulphur 
and carbon is effected in a closed spaco. The volufne of 
the gases generated, even when measured at the standard 
temperature and pressure, amounts to about 380 times that 
o£ the space occupied by the gunpowder; as the tempera- 
ture generated is over 2000° C., it is evident that the 
volume is very much greater, and the pressure produced 
has beent estimated at over 6000 atmospheres, or about 
42 tons on the square inch. The composition of gun- 
powder varies according to the use to which it is applied ; 
typically it has the proportions agreeing to the formula 
2 KN0 3 + 3 C + S, and the percentage composition of 
some forms of it is given in the following table : — 



KNO s 

c.* 

S. 

2 KNO a + 3Cf IS 

74-8 

13*4 

11*8 

English military powder 

75 0 

15*0 

10*0 

English sporting powder =* 

79-7 

12 5 

7*8 

Ordnance powder «= 

73*8 

13 4 

12*8 
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369. Potassium Carbonate, KjCOg, lias been mentioned 
already as occurring in tlie incinerated residue from plants. 
It is also prepared from the sulphate by a method corre- 
sponding to the Leblanc process, by which sodium carbonate 
is obtained (see § 351). By the action of carbon dioxide, 
the bicarbonate, KHC0 3 , is obtained. Both salts are 
freely soluble in water, the former at ordinary tempera- 
tures in its own weight of water, and the latter in four 
times its weight of water. Potassium carbonate withstands 
high temperatures without decomposition, but the bicar- 
bonate readily loses carbon dioxide and water, and is 
transformed into the carbonate — 

2 KJIC0 8 = K 2 C0 3 + CO a + IIoO. 

Like several other of the salts of potassium derived 
from weak acids, the normal salt possesses an alkaline 
reaction. 

* 

370. Potassium Permanganate, KMn0 4 .— This salt is best 
prepared as follows : — A stong solution of caustic potash 
is added to a mixture of potassium chlorate and mangan- 
ese dioxide. The mixture is evaporated to dryness and 
strongly heated, when the following change takes place — 

3 Mn0 2 + KC10 3 + 6 KOH = 3 K 2 Mn0 4 + KOI +. 3 H 3 0. 

Potassium tnanganate 

The mass of manganate and chloride is then broken up 
and lixiviated with water, forming a dark green solution. 
On passing carbon dioxide into this, three-quarters of the 
manganate is converted into- permanganate, the remainder 
forming a brown precipitate of hydrated sesquioxide — 

8 K 2 Mn0 4 + 5 C0 2 + H 2 0 = 6 KMn0 4 + 5 K a CO, 

. + Mn 2 0 r II 2 0. 

The precipitate is filtered off and the liquid evaporated 
and allowed to crystallise. 

Potassium permanganate crystals are almost black and 
have a metallic lustre. They dissolve in about 15 times 
their weight of water, forming a deep purple solution which 
is nearly opaque. In acid or neutral solution the perman- 
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ganate is stable, but in alkaline solution it changes into the 
manganate, and final ly into the dioxide, evolving oxygen. 

Potassium permanganate is a powerful oxidising agent. 
A mixture of the solid with sulphur or carbon or phos- 
phorus explodes -violently; and in acid solution the 
permanganate at once oxidises ferrous to ferric salts, and 
oxalic acid to carbon dioxide, the manganese being con- 
verted into a manganous salt. As 2KMn0 4 is equivalent 
to Kj0.Mn 2 0 7 , and since the heptoxide is reduced to MnO 
the oxide corresponding to a manganous salt, it is clear 
from the equation 

Mn,0 7 = 2 MnO + 5 0 

that two molecules of the permanganate are equivalent to 
five atoms of oxygen, and will therefore oxidise ten mole- 
cules of ferrous salt or five molecules of oxalic acid — 

10 PeS0 4 + 2 KMn0 4 + 8 H„SO, = 5 Ee 2 (S0 4 ) 3 

4-*K 2 S0 4 + 2MnS0 4 H- 8 H 2 0 
5 H 2 0 2 0 4 + 2 KMn0 4 + 8 H a SO l — 1C 3 S0 4 • • . 

+ 2 MnS0 4 + 10 C0 2 + 8 H 2 0. 

• Potassium permanganate is largely used in volumetric 
analysis for determining the quantity of a reducing agent, 
e.g. ferrous iron, in a solution, a permanganate solution 
of known strength being run into the reducing solution 
from a burette until it ceases to be decolorised. 

Exp. 202. — Starting from pyrolusite, prepare a solution of potas- 
sium manganate, and then convert this into the permanganate. 
Acidify some of the permanganate ^solution with dilute sulphuric 
acid and note the effect of (a) passing a current of sulphuretted 
hydrogen through the solution, ( o ) adding the solution gradually to 
(1) sulphurous acid, (2) ferrous sulphate solution, (3) hot oxalic aoid 
solution. Finally warm some KMn0 4 with caustic potash and note 
what takes place. • 

A crude mixture of sodium manganate and perman- 
ganate, obtained on a large scale by heating caustic soda 
with pyrolusite, is sold as a disinfectant under the name of 
“ Condy’s fluid.* * It owes its value as a disinfectant to its 
oxidising properties. 
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AMMONIUM 

371. This name is applied to the hypothetical radical 
NH 4 , the salts of this radical being very similar in general 
character to those of the alkalies. When sodium amalgam 
is brought into a strong solution of ammonium chloride the 
amalgam swells up to many times its original bulk and 
forms a spongy mass owing to the inclusion of a large 
volume of gas. No sooner is this brought about than 
ammonia and hydrogen are given off from the mass in such 
proportions as to point to NH 4 as the source. Of course 
these are the proportions we should expect, since sodium 
removes the chlorine from NH 4 C1, leaving NII P which 
then breaks up into NH 3 and hydrogen — - 

Na + NH 4 C1 = NaCl + NH 4 ; 2 NH 4 = 2NH 3 + H r 

It has never been established that the NH 4 exists even tem- 
porarily in the free state ; bht it may be pointed out that 
neither ‘dminofiia nor hydrogen has any action at all on 
mercury, and it is difficult to regard the “amalgam” as a 
mere sponge of mercury containing the two gases mechanic- 
ally mixed. 

Ammonium salts are invariably obtained by the combina- 
tion of ammonia with the acid of the salt ; thus, neutralising 
various acids with ammonia, we have — 

2 Nlfj + H 2 S0 4 = (NH 4 ) 2 SG 4 , 

Nil, + HC1 = NHjOl, 

Nil, + HNp 3 = NHjNOjj. 

Coal contains between 1 and 2 per cent, of nitrogen, and 
during its distillation for then production of coal gas some 
of this is transformed into ammonia, and on washing the 
coal gas it is dissolved out. Gas liquor consists of these 
washings and contains considerable quantities of ammonia, 
mostly as sulphide, but partly in other forms and as free 
ammonia. By distilling the liquor over lime the ammonia 
is set free and then “ fixed ” by passing it into sulphuric 
acid. The ammonium salts which come into commerce are 
chiefly obtained from gas liquor, the bulk of the supply 
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being used in the form of ammonium sulphate as a fertilis- 
ing agent, and a considerable amount as free or caustia 
ammonia in the ammonia- soda process. 

372. Ammonium Hydroxide, NH 4 0H, exists only in 
solution at ordinary temperature,* as it decomposes * very 
readily into ammonia and water. That it is a true 
hydroxide, however, is shown by its basic character and its 
general resemblance in chemical actions to the caustic 
alkalies, e.g. it precipitates the hydroxides of iron and 
aluminium from salts of these metals and saponifies fats 
and oils. Ammonia is, however, a very much weaker base 
than either caustic potash or caustic soda. 

373. Ammonium Chloride, NH 4 C1.— Dissociation. — Am- 

monium chloride is obtained as above or by direct com- 
bination of ammonia and hydrochloric acid in the gaseous 
condition. * 

When ammonium chlorido is heated it apparently ,sub- 
limes unchanged, the vapour condensing again to ammo- 
nium chloride, and this method is employed for its purifi- 
cation. It has been shown, however, that the vapour is 
not that of ammonium chloride, but is a mixture of ammonia 
and hydrogen chloride, which recombine on cooling — 

. N1I 4 01 = NH S + HC1. 

Such a change as this in which a compound splits up on 
heating into constituents which recombine on cooling is 
called dissociation . That dissipation has taken place in 
this case is proved by the fact that the density of the 
vapour is only half what it should be if it consisted of 
NH 4 C1 molecules. 

The following argument will make this clear: — Each 
NH 4 C1 molecule gives rise to one NH 3 molecule and *one 
HOI molecule, so that if the pressure remains the same 
the volume ’of mixed gases will be double the volume 
which the undissociated ammonium chloride would occupy 

* Ammonium hydroxide has recently been isolated at low tem* % 
porature. 
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(by Avogadro’s hypothesis). But since the volume is 
double, the density must be one-half what it would be 
if the salt remained undissociated (the mass remaining 
the same). 

The dissociation may be proved directly by partially 
separating the two gases by diffusion. 

Exp. 203. — Take a piece of hard glass tube of about 3 era. boro 
and ‘25 cm. long. Fit it with a one-holed cork at each end, through 
which passes a long piece of clay pipe-stem, which has been made 
red hot. In the middle of the glass tube place some fragments of 
the fibrous sal-ammoniac, and at both ends a piece of moist blue 



Fio. 89. 


litmus pQoer. Jfix in the corks tightly, clamp the tube horizontally, 
and attach to one of the ends of the pipe stem a scent bellows 
(Fig. 89). After warming the tube carefully, place a burner under 
the sal-ammoniac. When the tube is red hot, blow the bellows and 
teat the gas which comes through the pipe stem with litmus or 
turmeric paper. 

It will be noted that tbe air which passes through the 
pipe- stem is alkaline from the presence of ammonia, while 
the vapour which is left in the tube is acid. This can be 
explained when it is remembered that light gases diffuse 
much more rapidly through porous substances than heavy 
ones (§ 54). Ammonia is^ghter than hydrogen chloride 
and therefore diffuses faster, but it could not do so hero 
unless it were free and not combined. 

The extremely interesting observation has been made by 
Baker that ammonium chloride, if thoroughly dried, does 
not ‘dissociate when vaporised. He employed a Victor 
Meyer vapour density apparatus modified as shown in 
Fig. 90, the pure substance being placed at a in a spoon 
which could be inverted by means of the handle h. The 
upper part c contained P 4 O 10 to dry the interior of the 
•apparatus. The drying process was allowed to go on for 
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three weeks. Tlio mean of six experiments gave 27 8 
as the vapour density, showing that very little dissociation 
had taken place. 

The temperature at 
which vaporisation was 
effected was 350° C. It 
seems therefore from this 
and similar experiments 
with other .substances, 
notably mercurous chlo- 
ride, that dissociation is 
due in some way to the 
presence of water- vapour. 

How the moisture acts is 
not exactly known. 

Ammonium chloride is 
freely soluble in water and 
in alcohol. It is used in 
dyeing and in soldering 
and tinning; also as a re- 
agent in the laboratory. p IQi 90. 



374. Ammonium Nitrate, NH 4 N0 3 , is prepared by neutral- 
ising nitric acid with ammonia and evaporating the solution 
until it Crystallises on cooling. When heated it breaks up 
into nitrous oxide and water. (See § 206.) When rapidly 
heated, as for instance by contact with a red-hot metal, it 
detonates, as it does also when heated in presence of 
organic matter, and it is used in the production of certain 
forms of explosives. • 

Ammonium Carbonate. — By the direct combination of 
ammonia and carbon dioxide *in presence of moisture, or 
by subliming an intimate mixture of ammonium sulphate 
and chalk, there is obtained the commercial carbonate of 
ammonium, which is, however, essentially a mixture of am- 
monium bicarbonate , NH 4 HC0 3 , and ammonium carbamate , 
NH4.CO.5NH2. These compounds are very unstable and 
undergo slow decomposition even at ordinary temperatures, 
and this accounts for the ainmoniacal odour which is 
perceived when they are exposed to air. 
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375. The Alkali Metals a Natural Group. — The metals 
sodium and potassium, together with several rarer metals, 
closely resemble each other in properties and are classified 
together as the allcali metals (from the fact that they form 
the basis of the alkalies caustic soda, caustic potash, etc.). 
Ammonium , which, as we have seen, behaves very much 
like them, is also included in the group. 

The following summary of the general characters of the 
alkali metals brings out clearly the justification for 
classifying them together : — 

(1) The elements are monovalent and replace the hydro- 
gen in acids atom by atom, forming normal and acid 
salts, e.g. — 

From HC1, salts of the type EC1. 

„ H,S0 4 , „ „ „ R,S0 4 and RHS0 4 . 

m H 3 P0 4 ,„ „ EjP0 4 , E,HP0 4 , RH,P0 4 

„ , E = Na, K or NH 4 . 

(2) The metals are soft and malleable; they decompose 
water at the ordinary temperature and form strongly basic 
hydroxides — 

2 R + 2 II 2 0 = 2 EOH + H a . 

Also they undergo oxidation when exposed to air at ordi- 
nary temperatures. 

(3) The normal carbonates are stable at high tempera- 
tures (ammonium carbonatg is an exception). 

(4) The metals combine directly with hydrogen when 
heated in it, forming hydrides of the general composition 
RH. 

(5) These metals exhibit no tendency to form basic salts. 

(6) The metals may be obtained — 

(a) by the electrolysis of the fused hydroxide or 
chloride, 

( b ) by the action of carbon at high temperature 
on the hydroxide or carbonate. 

R 2 C0 3 + 2C = 2E + 3CO. 


V 
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CLUESTIONS.— CHAPTER XXVII. 

1 . Describe the preparation of potassium from potassium 

carbonate. What are the chief properties of metallic 
potassium ? 

2. How would you prepare potassium bromide and potas- 

sium iodide (a) from potassium carbonate, ( b ) from 
caustic potash ? 

3. How is chlorate of potash usually obtained on the large 

scale ? How would you proceed to prepare a speci- 
men of the perchlorate from it ? 

4. Describe how you would prepare a specimen of pure 

caustic potash from commercial potassium car- 
bonate. Express by equations the changes which 
take place when the following gases are respectively 
passed into a solution of caustic potash : — Chlorine , 
sulphur dioxide , sulphuretted hydrogen. 

5. Describe the preparation of potassium # permanganate 

from pyrolusite (manganese dioxide). Give several 
examples (with equations) of the oxidising action 
of this salt. 

‘6. With what other element would you classify potassium ? 
Give reasons. 

7. What is the chief source of the compounds of 

ammonia? Describe the preparation of pure am- 
monium sulphate and ammonium nitrate from this 
source. 

8. How would you prepare a specimen of pure ammonium 

chloride ? What experiments would you perform to 
demonstrate the chief properties of this substance ? 
What do you know about its vapour density ? 

9. Describe the effect of heating the following compounds 

of ammonium : the sulphate, chloride, nitrate, 
carbonate, and nitrite. 
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CALCIUM AND ZINC. 

CALCIUM. 

376. Occurrence. — As carbonate (limestone) it is found 
in rock masses, and also in crystals as calcite and arrago- 
nite; as sulphate in the forms anhydrite, the anhydrous 
sulphate, CaS0 4 , and gypsum, the hydrated form, 
CaS0 4 .2H 2 0 ; as fluoride in fluorspar, Cah\, and as phos- 
phate in apatite, 3CagP 2 0 8 .Ca(F,Cl) 2 . Dolomite (or mag- 
nesian limestone) is calcium carbonate in which part of 
the calcium is replaced by magnesium, (Ca,Mg)CO r 

i 

377. % Metal v — The metal is obtained by heating the 
anhydrous iodide with sodium, or by electrolysing the fused 
chloride, preferably mixed with strontium or barium 
chloride, in order that the fusion may be brought about at 
a lower temperature. 

Calcium is a lustrous white metal which is malleable and 
rather harder than lead, being difficult to cut. It retains its 
lustre in dry air, but in moist air it soon takes up oxygen 
and becomes coated with a white deposit of quicklime, CaO. 
When the metal is heated in air the conversion into the 
oxide is more rapid, and if the heating is sufficiently strong 
the metal burns with a bright flame. 

Calcium decomposes water readily at ordinary tempera- 
tures with evolution of hydra gen and formation of calcium 
hydroxide — 

Ca + 2I1 2 0 = Ca(OH) 2 4- H 2 . 

When calcium is heated in nitrogen to dull redness rapid 
combination takes place, the metal becoming incandescent. 
The product is calcium nitride, Ca 3 N 2 , a dark yellow 
crystalline substance — 

3Ca + N, = Ca 3 N a . 

414 
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378. Calcium Oxide and Hydroxide. — Calcium monoxide * 
CaO, is usually obtained by igniting limestone, mixed with 
coal, in a kiln. It is termed “ quicklime,” and when brought 
into contact with water combination takes place, and a con- 
siderable amount ‘of heat is evolved, calcium hydroxide, 
Ca(OH) 2 , being formed. The lumps of lime fall to powder 
when thus treated, “ slaked ” lime being produced ; with 
sufficient water to bring it to a creamy consistency " milk 
of lime ” is produced. 

Lime is manufactured on the large scale by two processes, 
the continuous and the periodic. In the former limestone 
and coal are fed in continuously at the top of the kiln, and 
lime is withdrawn at the bottom — mixed, of course, with 
some ash. To obtain a lime free from ash, the fuel is some- 
times burnt at the side of the kiln, so that only gases pass 
up through the kiln. In the periodic process large blocks 
of limestone are built up in an arch above the tire-grate ; 
the kiln is then tilled up vrith limestone in lumps of 
gradually increasing size. A fire is kept# up bilow the 
arch for one or two days, and the kiln is then allowed to 
cool and the lime removed. This process is not so econo- 
.mical as the continuous one, but the kilns are simpler and 
more easily repaired. 

Calcium oxide, or lime, is infusible even in the oxy- 
liydrogen blowpipe. It dissolves at ordinary temperatures 
in about J700 parts of water ; the limewater so formed has 
an alkaline reaction, and readily absorbs carbon dioxide, 
becoming transformed into the carbonate. 

Ordinary mortar is made by mixing lime in the moist 
state with three or four times its weight of sand. The 
hardening of mortar is due to its gradual transformation 
into carbonate, and to some extent silicate ; and it has been 
found that the setting of mortar takes place more rapidly 
when carbonaceous matter, or ammoniurfi carbonate, is 
brought into intimate admixture with it. Certain siliceous 
limestones, yhen burnt, form hydraulic mortar or cement 
which possesses the property of hardening under water. 
Portland cement, for instance, contains over 20 per cent, of 
silica as well as about 10 per cent, of the oxides of alumina 
and iron. * 
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379. Calcium Hydride, CaH 2 .~ This was the first of the series of 
metallio hydrides obtained by Moissan. To prepare it crystallised 
oalcium is placed in a nickel boat which is heated to dull redness in an 
atmosphere of dry hydrogen. The product is a white fused mass 
with crystalline structure, and consists of an aggregate of slender 
transparent plates of sp. gr. 1*57. It does not dissociate at 600° C. 
It is decomposed by water, forming Ca(OH) 2 and H 2 . The distinctly 
saline appearance of this substance, like that of the hydrides of the 
alkali metals already described, argues for the non-metallio charac- 
ter of hydrogen. 

380. Calcium Chloride, CaC^, is obtained as a waste pro- 
duct in several important large scale processes, e.g. in the 
production of soda by the ammonia-soda process, and in 
the manufacture of potassium chlorate. It is prepared on 
a small scale by acting on lime or calcium carbonate with 
hydrochloric acid. When exposed to air the anhydrous 
chloride readily deliquesces, and it is employed in the 
laboratory for drying gases. It is extremely soluble in 
water, and boiling saturated solutions deposit crystals of 
the composition CaCl^. 6 HjO on cooling. When the crystals 
are dissolved in water a large amount of heat is absorbed, 
while solution of the anhydrous salt in water evolves 
heat. Like many ocher chlorides (e.g. those of Ag, Hg, 
Cu) it takes up ammonia in a definite amount, forming 
CaCl r 8 NH 3 . 

381. Bleaching Powder. — If chlorine be paosed into 
milk of lime kept cool, calcium hypochlorite, Ca(OCl) 2 , is 
formed — 

2 Ca(OH) 2 + 2 Cl 2 = Ca(OCl) a + CaCl, + 2 II, O. 

If hot milk of lime is used, calcium chlorate, Ca(C10 3 ) , is 
formed — 

6 Ca(OH) 2 -r 6 Cl, = 5 CaCl, + Ca(C10 3 ) 2 + 6 IJ 2 0. 

If, however, dry slaked lime be exposed to an atmo- 
sphere of chlorine, it takes up about 37 pet cent, of its 
weight of chlorine, and forms “ bleaching powder,” some 
of the lime remaining unaltered. Bleaching powder is 
largely used for bleaching cotton goods and paper pulp, 
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and on the commercial scale is prepared by passing chlorine 
(usually obtained by the action of manganese dioxide on 
hydrochloric acid) into large chambers about 6 feet high, 
on the floor of which the lime is spread to the depth of 
about 5 or 6 inches. 

The constitution of bleaching powder has been- the 
subject of much discussion. "Formulae were at first 
ascribed representing it as containing calcium chloride. 
It has, however, been found that — 

(1) The whole of the chlorine may be expelled from it 

by exposure to moist carbon dioxide at 70° C., 
whereas calcium chloride is not decomposed by 
carbon dioxide. 

(2) It is not deliquescent (CaCl 2 is). 

(3) Though calcium chloride is freely soluble in alcohol, 

an alcoholic extract <^f bleaching powder is only 
found to contain traces of chloride. _ 

Odling suggested that bleaching powder consists of 
calcium chloro- hypochlorite, Ca(OCl,Cl, combined with 
slaked lime, and this formula may be accepted for general 
purposes though the constitution cannot even now be con- 
sidered .as settled. It is found that the “ available '* 
chlorine in bleaching powder, i.e. the chlorine which is 
expelled by the action of dilute acids, amounts to 43 £ per 
cent, and no more in samples which have been most care- 
fully saturated. This is in agreement with the formula 
[Ca(OCl)Cl]. i .Ca(OH) J . 

On treatment with water, bleaching powder is decom- 
posed, forming calcium hypochlorite and chloride — 

2 Ca(OCl)Cl = Ca(OCl) 2 + CaCl 2 . 

On treatment with dilute acids it evolves chlorine, hypo- 
chlorous acid being formed as an intermediate product. 
Thus if dilute HC1 is used we have — 

(a) 2 IIC1 + Ca(OCl), 2 IICIO + CaCl r 
( h ) 2 HC1 + 2 HCIO = 2 H 3 0 4-2 Cl,. 

BEN. CHEM. 
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The reactions with sulphuric acid are — 

(a) CiiCl, + Ca(OCl) 2 + 2 H 2 S0 4 = 2 CaSO, + 2 HC1 

I 2 HCIO 

( b ) 2 RC1 + 2 IICIO = 2 H 2 0 + 2 Cl 2 . 

The material to he bleached is first thoroughly cleaned, 
then soaked in a dilute solution of bleaching powder, and 
afterwards washed out with dilute acid, when the above 
reactions take place. Bleaching powder is used for bleach- 
ing cotton, linen, and paper, but not for wool, as it destroys 
the wool fibre. 

On distilling a solution of bleaching powder with dilute 
HNOj, hypochlorous acid is evolved ; it is derived from 
the hypochlorite formed on dissolving the powder in 
water. 

Ca(OCl) 2 + 2 HN0 3 = Ca(N0 3 ) 2 + 2 HCIO. 

Heated with a small quantity of cobalt oxide, Co 2 0 3 , 
blea^chfhg ponder evolves oxygen, the metallic oxide acting 
as a catalytic agent. The process is actually carried out 
by making the bleaching powder into a paste with water, 
adding a little cobalt nitrate solution and warming. The 
cobalt nitrate reacts with the bleaching powder, forming 
the oxide Co.,0 3 (probably). This oxide is unstable and 
at once loses oxygen — 

Co 2 0 3 = 2 CoO + 0 2 . 

CoO is then converted into Co 2 0 3 again by the bleaching 
powder — t 

Ca(OCl)Cl + 2 CoO = CaCl 2 + Co 2 O r 

This loses oxygen again; forming CoO and so on, the 
cycle of changes being repeated. 

We see thert that bleaching powder may, under suitable 
conditions, be made to yield chlorine , hypochlorous acid , and 
oxygen. 

Bleaching powder solution acts as a convenient oxidising 
agent for some purposes, and it is upon this property that 
the estimation of the “ available ” chlorine in bleaching 
* powder depends. A standard solution of sodium arsenite 
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is added to one of bleaching powder till the liquid gives 
no reaction with iodised starch paper. The arsenite is thus 
oxidised to arsenate. 

2 Na a As0 3 +. Ca(OCl) 2 = 2 Na 3 As0 4 + CaCl 2 . 

The oxidising action of bleaching powder solution may be 
employed to prepare lead and manganese peroxides from 
their salts. 

Exp. 204. — Boila solution of lead acetate with one of bleaching 
powder for some time. The puoe-coloured oxide, Pb0 2 , will te 
deposited and should be filtered off, washed repeatedly with hot 
water and dried. 

Repeat with a solution of a manganous salt, and note the formation 
of the black oxide, Mn0 2 . If the boiling is long continued and the 
bleaching powder is in excess, a green solution of manganat© may 
form ana ultimately a pink one of permanganate. 

382. Calcium Sulphate, CaS0 4 . — This salt occurs as an- 
hydrite , CaS0 4 , and as gypsum, CaS0 4 .2H 2 0. The latter 
substance is found associated with rock salt, where it 
occurs as thin bands or seams. Selenite , used for optical 
work, has the same composition as gypsum, but the crystals 
are usually larger and well formed. Calcium sulphate may 
be precipitated by the addition of a soluble sulphate to a 
solution of a calcium salt. It possesses the singular 
property' (slaked lime resembles it in this respect) of being 
somewhat, less soluble in hot water than cold, requiring 
over 500 parts of water at 100° C., but only 400 parts at 
35° C. to dissolve it. 

When water containing calcium sulphate is used in 
boilers, a firm, coherent deposit <£f the salt gradually forms 
on the inner surface pf the boiler. When gypsum is 
heated to about 140° 0. it loses? three-quarters of its water 
of crystallisation, and is converted into 'plaster of Paris, 
2 CaS0 4 .H 2 0 ; and when this is made into' a paste with 
water it gradually hardens, and hence is used for making 
casts and for mouldings Calcium sulphate is very much 
more soluble in hydrochloric acid than in water. 

The permanent hardness of water is very frequently 
caused by the presence in it of dissolved calcium sulphate 
(see § 114) 
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383. Calcium Orthophosphate, Ca 3 (P0 4 ) 2 . — This is the 
most important of the phosphates of calcium; it occurs 
in bone and in mineral concretions known as “copro- 
lites ” ; also, associated with chloride and fluoride respec- 
tively, as chlorapatite, 3 CagP 2 0 8 .CaCl 2 , or fluorapatite, 
3 Ca 3 P 2 0 8 .CaF 2 . The phosphate is only Blightly soluble in 
water, though readily in acids, and is precipitated when a 
soluble phosphate, such as sodium phosphate, is added to 
the aqueous solution of a calcium salt in. the presence of 
ammonia. The “ superphosphate of lime, ,, used as a 
manure and for the preparation of phosphorus, is obtained 
by acting upon calcium phosphate (bone-ash) with sul- 
phuric acid. It is a mixture of the acid calcium 
phosphate, CaH 4 P 2 0 8 , with calcium sulphate. 

384. Calcium Carbonate, CaC0 3 . — The mineral forms 
are known as calcite, crystallising in the rhombohedra, and 
arragonite, crystallising in rhombic prisms. Soluble calcium 
salts also yield a precipitate of the carbonate when treated 
with ammonium carbonate, and it is also obtained syntheti- 
cally by the action of carbon dioxide on lime, or on lime- 
water. It is practically insoluble in water, but soluble in 
an aqueous solution of carbon dioxide with the formation 
of the bicarbonate Ca(HC0 3 ) 2 , and in mineral acids, which 
latter, however, decompose it. It is found in many natural 
waters, being held in solution as Ca(HC0 3 ) 2 by .the excess 
of carbon dioxide, and as this escapes it becomes deposited 
as tufa or as stalactites and stalagmites. 

Calcium carbonate, when heated above 550° C., is de- 
composed into carbon dioxide and calcium oxide, but 
unless the gaseous product is removed as fast as it is 
liberated decomposition is 'never complete. Hence it is 
futile to attempt to determine the carbon dioxide evolved 
from a given Weight of calcite or chalk by heating in a 
cohered crucible. The heat must be long continued and 
is better in a current of air such as is always present in a 
muffle furnace, or in a lime-kiln. 

The reason for all this is that at a given temperature 
the carbon dioxide evolved when the carbonate is heated 
* in a closed space attains a definite pressure (called its 
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dissociation pressure or tension — the higher the tempera- 
ture the greater the dissociation pressure of the carbon 
dioxide), and when this has been reached no further 
evolution of gas takes place a/t that temperature. If, 
however, some of the CO a is removed, the pressure is 
diminished and a further supply is liberated to restore 
the equilibrium. 

If the lime and carbon dioxide are cooled down again in 
contact with one another they recombine. The decomposi- 
tion of calcium carbonate by heat is therefore another 
example of a reversible action and may be represented — 

CaC0 3 ^ CaO + C0 2 . 

385. Calcium Carbide, CaC 2 , as ordinarily seen is a 
greyish black solid, and is prepared on the large scale by 
heating limestone with coke or coal in the electric furnace. 

CaC0 3 + 4C = £aC a + 3CO. 

The pure substance has, however, been obtained # in the 
form of colourless or yellow crystals. * 

The most important property of calcium carbide is the 
f*ict that when treated with water it yields acetylene, as we 
have seen in Exp. 169. This property explains its produc- 
tion on the large scale, the acetylene obtained from it being 
used for lighting purposes (for motor car and cycle lamps, 
for enriching coal gas, etc.). 

ZINC. 

386. Occurrence. — The chief ores are the sulphide , called 
zinc blende or familiarly 44 black* jack,” the silicate , known 
as electric calamine, and the carbonate , termed calamine. 
The last is the most abundant ore, though all three are 
used for the extraction of the metal. 

* 

387. Extraction from the Ore. — This involves two main 
processes — 

(a) Calcination or roasting. 

(b) Reduction. 

Caloination. — Calcination proper is employed in the case 
of calamine for the purpose of expelling the carbon dioxide 
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and moisture. For zinc blende, the operation of roasting 
is performed, care being especially necessary to transform 
the sulphide as completely as possible into oxide and at 
the same time to avoid its passage into the sulphate, 
as the latter is reduced to sulphide by carbon, instead of 
to the metal. 

Reduction. — Three processes have been largely used : 
(1) The English process, now entirely given up; (2) the 
Belgian process ; (3) the Silesian process, mostly employed 
for poor ores. All these depend on coal or carbonaceous 
matter as the reducing agent, and they differ chiefly in 
the form and setting of the retorts used for working the 
charge and in the method of condensing the zinc. 

The Belgian Process. — The retorts are of fireclay, 
circular or elliptical in section, about 3 feet 6 inches long 
and 9 inches wide, fitted at the mouth after charging with 
conical clay condensing tubes terminating in an iron 
nozzle, o- Sixty to eighty of these retorts are arranged 
in a furnace, sloping downwards towards the mouth. 
The charge, consisting cf about two parts of the calcined 
ore (zinc oxide) to one of coal, both in powder and 
intimately mixed, is laid about 7 inches deep. A bright 
red heat is kept up for twenty-four hours and the oxide 
undergoes reduction, with the formation of carbon mon- 
oxide which burns at the mouth of the condenser. 

ZnO + 0 - Zn + CO. 

The temperature used baing above the boiling point of 
zinc, the metal passes off in the form of vapour and con- 
denses for the most part in the clay tubes, whilst zinc 
oxide collects in the iron nozzles. Zinc ores are always 
associated with cadmium, and this having a lower boil- 
ing-point volatilizes first, producing brown fumes (oxide 
of ,cadmium), and the stage at which tho zinc begins to 
distil is known by the flame at the mouth of the condenser 
changing to a greenish colour, and by the brown fume 
giving place to a white fume of zinc oxide. At this stage 
tthe condenser is changed, and the zinc practically free 
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from cadmium collected. The extraction of zinc is* accom- 
panied by a loss of from 12 to 20 per cent, of the zinc. 

Silesian. Process. — The retorts used are flat at the 
bottom and D-shaped in section and both longer and 
deeper than those Already described. A curved tube passes 
from the mouth of the retort into a vertical cast-iron tube 
which acts as condenser. The condensed zinc falls* down 
on to an iron tray. Thirty or more retorts each having a 
charge of about 5 cwt. are placed in each furnace and 
heated by gas. 

The Metal is of a white colour with a bluish cast, and is 
brittle at ordinary temperatures, but at about 100° to 150° 
0. it becomes ductile and may bo drawn into wire and rolled 
into sheet ; above 200° O. it loses its cohesion and may 
readily be powdered. The specific gravity of zinc is 6 9. 

Commercial zinc contains traces of iron, cadmium, arsenic, 
and sulphur ; it dissolves freely in dilute mineral acids and 
in strong solutions of caustic alkalies with evolution of 
hydrogen — • * 

Zn -h 2 HOI - ZnCl a + H 2 
, Zn -f- 2 KOH = KgZnOj + Hj. 


Pure. zinc is almost insoluble in dilute sulphuric acid, 
owing to the formation of a thin film of hydrogen which 
protects the surface of the metal. When the metal is im- 
pure, electrolytic actions are set up, by which hydrogen is 
evolved from the impurities, leaving the zinc surface 
exposed to the action of the yid . 

Water at its boiling point is decomposed by zinc. In 
the condensation of zinc a portion of the product is obtained 
in fine powder, known as zinc' dust and frequently used as 
a reducing agent. It contains some zinc oxide, from which 
it may be freed by treatment with very dilute hydrochjoric 
acid. Zinc is largely used for galvanizing iron plate, which 
when dipped in the molten metal becomes coated with a 
thin layer of zinc, and is thereby less liable to corrosion 
when exposed to the atmosphere. Zinc is also used for 
desilverizing lead, for electric batteries, and for precipitating 
gold. 
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. 388. Alloys. — The alloys which contain zinc are very 
numerous and find wide application. 

The most important of these is brass, consisting of copper 
and zinc, the colour and other physical properties of which 
vary according to the proportions of its constituents. If 
it contains over 60 per cent, of zinc it is white and brittle, 
if over 80 per cent, of copper it is red or reddish yellow. 
Certain alloys of copper and zinc are known by special 
names, such as Muntz metal, pinchbeck* Dutch metal. 
German silver (and nickel silver) is an alloy of copper, 
zinc and nickel, and the English bronze coinage consists 
of 95 per cent, of copper, 4 per cent, of tin and 1 per cent, 
of zinc. 

389. Zinc Oxide, ZnO, occurs native as red zinc ore, the 
colour being due to the presence of iron or manganese 
oxides. It is formed as a white amorphous powder when 
zinc burns, which it does if heated somewhat above its 
meltings point* in air, and this is the method employed for 
its manufacture. It is also obtained by strongly heating 
the carbonate or nitrate. It is used as a pigment under 
the name zinc white, the value of which consists in the 
fact that it preserves its whiteness in presence of sul- 
phuretted hydrogen (the sulphide being white) or other 
impurities in air. 

The hydroxide y Zn(OH) 2 , is obtained by addii^g caustic 
alkalies to zinc salts ; excess of the alkali re-dissolves the 
precipitate With formation of potassium ziocate, K 2 Zn0 2 . 
In presence of caustic alkalies, therefore, zinc oxide tnay 
be regarded as placing th8 part of an acid-forming oxide. 
Potassium zincate is also formed when zinc (especially in 
presence of iron) is heated with a strong solution of 
caustic potash — 

« Zn + 2 K.OH ■ K 2 Zn0 2 + H 2 . 

390. Zino Sulphide, ZnS, is a white powdpr, the dark 
colour of the mineral, blende, being due to the presence of 
iron ; in the hydrated form, it is obtained by the action of 
sulphuretted hydrogen or ammonium hydrosulphide on the 
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neutral solution of a zinc salt. It is insoluble in acetic 
acid, but soluble in mineral acids. 

391 . Zinc Chloride, ZnC^. — This, as well as the bromide 
and iodide,- may be* prepared by the interaction of zinc with 
the halogen element, or by the action of the halogen acid 
on the metal, oxide or carbonate. It is extremely soluble 
in water, even one-third of its weight of water sufficing to 
produce a thick, oily liquid, from which on evaporation the 
anhydrous substance is obtained as a white solid. It is 
very deliquescent, and hence a powerful dehydrating agent, 
attacking many organic substances with the abstraction of 
water. Zinc chloride has been volatilised, and is found to 
have a vapour density corresponding to the formula ZuCLj. 
By boiling its solution with zinc oxide, oxychloride of zinc 
is formed. 

392. Zinc Sulphate, ZnS0 4 , lpiown also as white vitriol, 
is formed by the action of sulphuric acid on zinc or ijis oxide 
or carbonate ; also by roasting zinc blende." Three parts 
of water dissolve four parts of the salt at ordinary tempera- 
tures, and on concentration of the solution it separates out 
m crystals, having the composition ZnS0 4 .7H 3 0. 

Exp. 205. — Prepare zino sulphate from zinc blende by heating the 
blende in a hard glass tube in a current of air, extracting the product 
with water*, filtering and orystallising out the salt from the filtrate. 

393. Zinc Carbonate, ZnC0 3 , occurs, as already stated, in 
the form of calamine. On the addition of KHC0 3 to a zinc 
salt this (the normal) carbonate is precipitated, but if 
KjCOj, be used, basic carbonates of variable composition 
are obtained according to the temperature at which the 
experiment is carried out and the amount of water present. 

The soluble normal salts of zinc have tfn acid reaction 
to litmus ; they are poisonous. * 

394. Comparison of Calcium and Zino. — The metals 
calcium and zino resemble each other in certain important 
respects : e.g. both metals are divalent and form an oxide 
BO, and salts of the types ROla, R(N0 3 ) af R^SO^ 



426 


CALCIUM AND ZINC. 


R 3 (P0 4 ) 2 . (R = Ca or Zn.) The chlorides and nitrates 
of both metals are readily soluble in water, whilst the 
phosphates are insoluble. Zinc sulphate, however, is 
readily soluble in water, whereas calcium sulphate is only 
slightly soluble. 

On the other hand, the metals differ iu many important 
particulars. For example : 

(1) Calcium readily decomposes cold water ; zinc does 

not. 

(2) Zinc oxide is easily reduced to the metal by heat- 

ing with carbon ; calcium oxide cannot be so 
reduced. 

(3) Calcium hydroxide is soluble in water, forming an 

alkaline solution ; zinc hydroxide is insoluble. 

(4) Zinc exhibits a tendency to form basic salts, es- 

pecially with weak acids (cp. § 393), which is 
not shown by caltium. 

(3)*and (4) Illustrate the more strongly basic nature of 
calcium hydroxide as compared with zinc hydroxide. 

The above comparison of calcium and zinc is not intended 
to be by any means exhaustive, and it will form a useful * 
exercise for the student to complete it on the lines 
indicated. 


QUESTIONS. — CHAPTE R XXVIII. 

1. Give the names and f<ftmulae of the more commonly 

occurring compounds of calcium found in nature, 
and state th9 purposes, if any, for which they have 
been employed in the arts or manufactures. 

2. Compare aild contrast the properties of quicklime, 
* slaked lime, and calcium carbonate. How may any 

one of these substances be converted into the others ? 

3. What is the chemical nature of ordinary mortar ? To 

what is the hardening of mortar due ? How do you 
account for the difference between “ ordinary ” and 
• “ hydraulic ” mortars ? 
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4. What happens when chlorine is passed (a) into milk 

of lime kept cool, ( b ) in excess into the samo sub- 
stance at a high temperature, (c) into a vessel con- 
taining dry slaked lime ? 

(live equations for the reactions in each case and 
a brief description of the physical and chemical 
properties of the substances formed. 

5. What do you consider to be the formula for bleaching 

powder? Give reasons for your answer. 

6. What is the effect of adding bleaching powder to ( a ) 

water, ( b ) dilute HC1, (c) dilute H 2 S0 4 ? Give 
equations to express the chemical changes in each 
case. How would you proceed to bleach a piece of 
coloured cloth by means of bleaching powder ? 

7. How could you obtain from bleaching powder (a) 

chlorine, ( b ) liypochlorous acid, (c) oxygen, ( d ) 
calcium chlorate, (e) calcium chloride ? 

8. Bleaching powder is often mentioned as an oxidising 

agent. Give instances of its use in this capacity. 

9. How would you prepare a sample of pure calcium 

sulphate ? In what forms does this substance occur 
in nature ? How does plaster of Paris differ from 
chemically precipitated calcium sulphate, and on 
what property does its use as a cement, and for 
making casts, depend ? 

10. Givev some account of the forms in which calcium 

carbonate is found in nature. Describe the effect 
of (a) adding dilute hydrochloric acid to the sub- 
stance, ( b ) shaking thg powdered substance with 
a solution of carbon dioxide, (c) strongly heating 
it. 

11. How do you account for the fact that powdered calcite 

cannot be completely decomposed into carbon dioxide 
and calcium oxide, when heated in *a closed vessel ? 
Describe exactly how you would proceed to determine 
the weight of CO a that could be expelled from calcite 
by the application of heat. 

12. Describe how you would prepare from bones a sample 

of calcium phosphate, and one of “ superphosphate 
of lime.” How do these two substances differ 
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Regards (a) composition, (b) their behaviour towards 
water, (c) their behaviour on heating ? 

13. What is zinc blende ? How is metallic zinc obtained 

from it on the large scale ? 

14. Give some account of the chief chemical and physical 

properties of zinc. 

Give reasons for and against classifying zinc with 
calcium. 

15. How would you obtain from calamine the chloride, 

sulphate, and oxide of zinc respectively, and by what 
means could you reconvert these substances into the 
substance of which calamine is a more or less impure 
form? 



CHAPTER XXIX. 


SILVER AND MERCURY. 

SILVER. 

395. Occurrence. — The chief natural forms are metallic 
silver, silver glance, Ag 2 S, stephanite, 5Ag 2 S.Sb.,S 3 , ruby 
silver ore consisting of sulphides of silver and antimony or 
silver and arsenic, horn silver, AgCl. Much silver is also 
extracted from galena. (See § 417.) 

396. Extraction of Silver. — (1) By amalgamation . — 
Several methods have been described depending on the 
action of mercury on silver compounds, whereby the silver 
is dissolved in the mercury, the mercury being separated 
ultimately from it by distillation. The method now mostly 
employed is as follows. The ore is finely powdered and 
mixed into a slime with water; it is then brought into 
intimate contact with about its weight of mercury for 
two or three hours and the amalgam separated as com- 
pletely ‘as possible from the mud in settlers. This amalgam 
consists pf (a) solid amalgam containing much silver and 
(5) liquid amalgam which is the excess of mercury contain- 
ing small quantities of silver. The solid amalgam is sub- 
mitted at once to distillation, whilst the liquid is used again 
in the amalgamation process. * 

In most ores a previous roasting with common salt is 
desirable in order to convert the silver into a form (AgCl) 
in which it is readily acted upon by mercury. A great 
improvement is effected by adding to thd mercury about 
one per cent, of sodium. 

(2) By wet processes. — (a) Percy-Patera process. — The 
ore is transformed first into the chloride by roasting it with 
common salt, and this chloride is then dissolved out with 
sodium thiosulphate and the silver finally precipitated as 
sulphide by the addition of sodium sulphide. The silvei* 

429 
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sulphide is then roasted m a reverberatory furnace; the 
sulphur is removed and metallic silver remains. 

(h) Augustin process . — The ore is roasted with common 
salt, and the silver chloride produced is dissolved out with 
strong brine. Silver is precipitated from the solution by 
means of scrap copper. 

(c) Ziervogel process . — The ore used in this process con- 
sists of argentiferous copper pyrites. It is roasted, whereby 
all the sulphides present, namely, those of silver, copper, 
iron, and lead are converted into sulphates. If the mixed 
sulphates be then exposed on the bed of the furnace to a 
higher temperature, the sulphates of iron and copper are 
decomposed before the silver sulphate. This latter is then 
extracted by water and metallic silver precipitated from 
the solution by means of scrap copper. 

(3) The desilverizing of lead . — About one-third of the 
silver produced is extracted from lead; the process will 
be described under that metal. (See § 417.) 

* v 

39). Properties of Silver. — Pure silver is a white metal, 
lustrous, and capable of taking a high polish and of being 
hammered or rolled into plate and drawn into wire. These 
properties of malleability and ductility it possesses in 
almost as high a degree as gold, so that silver sheet 
of an inch thick and wire of an inch thick may be 

obtained; its tensile strength is over 17 tons to the square 
inch of section. Its specific gravity, like that of other 
metals, varies somewhat according to the treatment to 
which it is subjected, being about 103 to 10 6 in the solid 
condition and 9'46 in the molten state. 

Silver melts at 960° C. and may be distilled at the 
highest temperature of the dxy hydrogen blow-pipe. The 
molten metal absorbs about 22 times its volume of oxygen, 
which it gives uj) on solidification, giving rise to the pheno- 
merfbn of “ spitting.” Spitting is prevented by a layer of 
charcoal over the silver. Silver is a better conductor of 
heat and electricity than even copper. By tke action of 
certain reducing agents on silver salts the metal is obtained 
in a finely divided condition, in which form it shows bril- 
liant golden, ruby, blue, and other tints. 
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398. The Oxides and Hydroxides. — The hydroxide is 
obtained as a brown powder by adding caustic potash to 
solutions of silver salts. It is an unstable body and above 
100° C. it gradually loses water and passes into the oxide 
Ag 2 0, which again decomposes into metallic silver and 
oxygen at about 300° C. It dissolves in ammonia, and on 
exposure of the solution to air fulminating silver separates 
out. This body detonates on the slightest friction when it 
is dry and sometimes even in the moist state. It seems to 
have the composition Ag 3 N. When a solution of silver 
nitrate is electrolysed, black needles form on the kathode ; 
these vary in composition according to the circumstances 
under which they are obtained, but give evidence of con- 
taining an unstable peroxide of silver, Ag 2 0 2 . 

399. Silver Sulphide, Ag.JS, is obtained either by heat- 

ing together silver and sulphur or by precipitating silver 
salts with sulphuretted hydrggen. It is found in nature 
as the mineral silver glance. f t 

• 

400. Silver Chloride, AgCl. — This salt, which occurs 
native as horn silver , is obtained as a white curdy pre- 
cipitate when hydrochloric acid or a soluble chloride 
is added to silver salts. Like the bromide of silver 
it is affected by exposure to sunlight or other chemi- 
cally active rays ; it assumes at first a violet tinge, ulti- 
mately d&rk brown, and undergoes loss of chlorine. Though 
insoluble in water,* and practically so in mineral acids, 
silver chloride dissolves readily in ammonia, in solutions of 
sodium sulphite or thiosulphate, and in potassium cyanide. 
It dissolves also somewhat easily in alkaline chlorides, and 
salt brine is often used for the extraction of silver. 

The precipitated chloride absorbs ammonia and forms 
2AgC1.3NH a , and a similar body separates in octahedral 
crystals out of a saturated solution of silver chloride in 
ammonia. The chloride is reduced to metallic silver by the 
action of zinc in presence of dilute sulphuric acid, by heat- 

* It appears that the curdy form of AgCl is soluble to a very slight 
extent in cold water, and appreciably so in hot. The fused sub- 
stance only appears to be praotioally insoluble. « 
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ing it in a current of hydrogen or by fusion with alkaline 
carbonates or in presence of organic substances. 

At a temperature of about 1700° C. silver chloride can 
be volatilised, and its vapour density corresponds to the 
formula AgOl. According to Ramsay the molecule of 
silver is monatomic. 

The bromide , AgBr, and iodide, Agl, are both found 
native in Mexico and Chili. The bromide dissolves in 
ammonia, though less freely than the chloride, and the 
iodide is almost insoluble in ammonia. The iodide is 
nearly insoluble in alkaline chlorides, and lienee, when salt 
brine is used for the extraction of silver, the silver iodide 
may be thrown down by the addition of a soluble iodide. 
Though insoluble in a solution of ammonia, the dry iodido 
takes up large quantities of gaseous ammonia, forming 
2AgI.NH r 

Exp. 206 . — To a solution of silver nitrate add HC1. Show the 
solubilitv of the precipitated AgCl in ammonia, and its reprecipita- 
lion.with nitric acid. Also show its solubility in a strong solution 
of common salt and the preoipitation of silver iodide from this solu- 
tion by the addition of potassium iodide. 

401. Silver Sulphate. Ag a S0 4 , is formed by dissolving 
the oxide or carbonate in sulphuric acid. It dissolves in 
about 200 times its weight of cold water, but is much more 
soluble in hot. It crystallises in prisms similar in form to 
those of anhydrous sodium sulphate. The existence of a 
silver hydrogen sulphate, AgHS0 4 , and a silver alum, 
Ag 2 S0 4 .Al 2 (S0 4 ),.24H 2 0, corresponding to ordinary alum, 
KLjS 0 4 .Al a (S 04 ) 3 . 24 H 2 0, further exhibits the relationship 
of silver with the alkali metals. Silver sulphate forms a 
compound with ammonia, oft-the composition Ag a (NH 3 )S0 4 . 

402. Silver Nitrate, AgN0 3 , is obtained by dissolving 
th^ metal in nitric acid. It readily dissolves in water, and 
is the form in which silver is most frequently employed as 
a reagent. It possesses a powerful corrosive action on 
organic tissues, which are stained black by it ; it acts also 
similarly on vegetable fibre, and is used as the basis of many 
preparations of “ marking ink.” Dry silver nitrate absorbs 
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ammonia, forming AgN0 3 .2NH 3 ; it also forms double 
salts with nitrates of the alkalies, e.g. KN0 3 .AgN0 3 , 
NH 4 N0 3 .AgN0 3 , these being formed as crystals by bringing 
together solutions of the respective nitrates, and allowing 
them to evaporate slowly, 

Exp, 207. — Dissolve a silver coin in nitric aoid, dilute with water, 
and precipitate silver chlorido with HOI. Wash the precipitate 
repeatedly by decantation till it is free from copper and HCl. Reduce 
the precipitate to metallic silver by warming either with caustic 
potash and grape sugar, or with zinc and dilute sulphuric) acid. 
Wash the precipitated silver, dissolve in pure nifcrio acid, evaporate 
to dryness, then add water and obtain crystals of silver nitrate. 

403. Silver Carbonate, Ag 2 C0 3 , is an unstable white 
powder, obtained by precipitating silver nitrate with an 
alkaline carbonate. If silver nitrate be treated with 
potassium carbonate in presence of carbon dioxide, AgKC0 3 
is obtained. 

MERCURY. 

404. Occurrence. — Although occasionally found in small 
quantity in the free state, the sulphide HgS, cinnabar, is 
by far the most important source of mercury. The chief 
localities where the extraction is carried on are Idria in 
Austria, Almaden in Spain, and in the neighbourhood of 
San Francisco, California. 

405. Extraction from the Ore. — The process of extraction 
is an extremely simple one, and consists usually in roasting 
the ore in a reverberatory furnftce, or even a small blast 
furnace, with access of air by which the sulphur is oxidised 
to sulphur dioxide, and the merCury set free and volatilised. 

HgS + 0 3 = Hg + S0 2 . , 

Sometimes lime or oxide of iron (“ smithy scales is 
mixed with the ore, $tnd the sulphur retained in this way 
as sulphide of lime or iron respectively. The condensation 
of the vapours of mercury is, however, a matter of some 
difficulty, and the methods employed vary considerably in 
the different localities. 
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• At ldria, tlie vapours are passed through a series of 
chambers in which the metal condenses and from which it 
flows away into suitable receptacles. In Almaden twelve 
parallel series of conical clay leceivers called “aludels,” 
luted together, are interposed between the furnace and the 
flue; each of these is about twenty inches long, and a series 
extends about twenty yards. The lines of aludels are of 
sufficient length to allow the vapours and gases to cool 
down nearly to the temperature of the air, and so arranged 
as to allow the condensed mercury to gravitate towards a 
common channel, whore it collects. 

406. The metal thus obtained contains small quantities 
of lead, bismuth, zinc, etc. ; it may be purified by distilla- 
tion in vacuo, or by treatment with dilute nitric acid, which 
dissolves out the impurities. It has a specific gravity of 
13 6, and is the only metal that is liquid at the ordinary 
temperatures ; it possesses^ silvery lustre ; at — 39° C. it 
becomes solid, and in this form it is malleable. Even at 
ordinary temperatures it has a small vapour tension, and 
gives off minute quantities of its vapour into the atmo- 
sphere in contact with it ; it boils at about 360° 0. When 
heated almost to its boiling point in air it becomes coated 
with the red oxide, HgO ; ozone oxidises it superficially at 
ordinary temperatures. 

Mercury is largely used in the extraction of .silver and 
gold, in making barometers, thermometers, and other 
scientific apparatus, and for preparing compounds of 
mercury, which are important in medicine. 

Amalgams. — With most of the metals mercury forms 
alloys (amalgams), and in some cases these amalgams 
possess a definite composition, and crystalline form, e.g. 
IIg 5 Na is brittle, and crystallises in the regular system. 
Soflium amalgam is a convenient reducing agent, for when 
brought into contact with water or solutions in water 
hydrogen is evolved. 

Exp. 208 . — Make some sodium amalgam by dissolving sodium in 
mercury, and examine its action on water. 
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Tin amalgam is used for producing the silvery coating 
on glass for mirrors. 

Mercury forms two series of compounds, the mercurous 
and the mercuric ; apparently the metal is divalent in both 
groups, the' mercurous compounds containing two atoms of 
mercury in the molecule, each of which saturates one 
valency equivalent of the other. It will be seen that the 
two series differ very considerably in properties. 

407. Mercurous Oxide, Hg 2 0, is a dark brown powder 
obtained by digesting calomel (Hg 2 Cl 2 ) with caustic potash ; 
it is unstable, and is even decomposed by the action of 
light with the production of mercuric oxide and mercury. 

Mercuric Oxide, HgO, exists as a crystalline red powder 
obtained by heating the metal in air, or by calcining the 
nitrate. It is also obtained as a yellow powder by the 
addition of caustic alkalies to mercury salts, and in this 
form, by reason of its finely divided state and the readiness 
with which it parts with oxygen, the oxide is ai^ active 
oxidising agent. The yellow oxide is changed into th« red 
by heating to about 400° C. The red oxide when heated 
turns black, and at a higher temperature decomposes into 
the metal and oxygen ; it is slightly soluble in water, and 
has an alkaline reaction. 

408. Mercurio Sulphide, HgS, is formed as a black 
amorphous powder by triturating mercury and sulphur 
together, or by precipitating solutions of mercuric salts 
with sulphuretted hydrogen. It occurs native in dark red 
crystals, and in this form is c^led cinnabar. It is also 
prepared artificially as a bright red crystalline powder, the 
pigment vermilion. This is prepared either by the dry 
process , in which a mixture of mercury and sulphur is 
heated, or by the wet process , in which a morphous sulphide 
of mercury is exposed to the action of alkaline sulphides. 
Exceptional brightness of tint and degree of fineness are 
attained only by attention to technical detail in the 
preparation. 

409. Mercurous Chloride or Calomel, Hg.Cl,, is found 
as the mineral horn-quicksilver and is produced artificially— 



ME&CUKY, 


* (1) By the direct union of mercury with chlorine. 

(2) By the addition of hydrochloric acid or a soluble 
chloride to a solution of a mercurous salt. 

(3) By the action of certain reducing agents such as 
phosphorous acid or stannous chloride oil mercuric chloride. 

(4) By triturating or heating mercuric chloride with me- 
tallic mercury.* The latter is the manufacturing method. 

Calomel is an amorphous white powder insoluble in water 
and acids; it can ba brought into solution (as mercuric 
chloride) by the action of strong nitric acid or aqua regia 
or by prolonged digestion with dilute nitric acid. If 
heated alone it sublimes, but in contact with carbon it 
undergoes reduction to metallic mercury. 

The vapour obtained by heating calomel under ordinary 
conditions is a mixture of mercury and mercuric chloride, 
but Baker, using the apparatus already described under 
ammonium chloride (§ 373), has shown quite recently that 
if the mercurous chloride is» thoroughly dried before being 
vaporised and the pure substance employed there is very 
little dissociation. He experimented with some pure mer- 
curous chloride which he dried with P 4 O 10 for three weeks. 
The mean of five experiments gave 217 as the vapour 
density. The formula Hg^l* requires 235. 

When ammonia is added to mercurous chloride a black 
substance is formed. This has been shown to consist of 
a mixture of dimercurammonium chloride, NHg 2 Cl f with 
finely divided mercury which gives it the black colour, the 
chloride being yellow. 

410. Mercuric Chloride, Corrosive Sublimate, HgCl*.— 
Corrosive sublimate is made on the large scale by heating 
5 parts of mercuric sulphate with 2 parts of common salt — 

HgS0 4 + 2 NaCl = HgCl a + Na 2 S0 4 
and finally separating the mercury salt by sublimation. 

* It may in general bo taken that in the preparation of salts of 
mercury, if the metal be kept in exoess the mercuroua salt is 
obtained, whilst if the aoid be concentrated and in excess the mer- 
curic salt will be obtained, and that the latter will be converted 
into the former by trituration with excess of the metal. 
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It is readily soluble in water, alcohol or ether, and hi 
presence of hydrochloric acid or alkaline chlorides it forms 
double salts such as HgCl 2 .3HCl and HgCl a .2NH 4 Cl.H a O. 
It also shows a tendency to form oxychlorides, which are 
obtained by digesting the solution with mercuric oxide. 

It crystallises from a hot solution in needles which melt 
at 288° C. and at about 300° C. become transformed into 
vapour. The compound is extremely poisonous, but in 
small doses it is a valuable medicine ; its solution possesses 
also powerful antiseptic properties. 

When ammonia is added to a solution of mercuric 
chloride a white precipitate is formed having the compo- 
sition represented by the formula, NH 2 HgCl ; it is called 
infusible white precipitate. When this compound is boiled 
with ammonium chloride it dissolves and the solution on 
cooling deposits crystals of fusible white precipitate ; this 
may be regarded as a compound of mercuric chloride and 
ammonia, HgCl 2 . NH 3 . • 

• • 

411. Mercurous Iodide, Hg s I 2 , and Mercuric Io&ide, 
Hgl 2 , are obtained by triturating mercury and iodine 
together, the former resulting when excess of mercury is 
used, and the latter if the iodine is in excess. Mercuric 
iodide is also obtained as a brilliant red precipitate, by 
mixing solutions of potassium iodide and mercuric chloride, 
the precipitate being soluble in excess of either reagent. 
If the potassium iodide be added until the red precipitate 
is just redissolved (with formation of K 2 HgI 4 ), and if this be 
followed with caustic soda, Nesslers solution is obtained, 
and this is an extremely sensitive reagent for detecting the 
presence of ammonia. Minute traces of ammonia give a 
yellowish-brown coloration aifd greater quantities yield a 
brown precipitate — 

2 K 2 HgI 4 + 3 NaOH + NH 3 = NHg 2 I.H a O • 

+ 4 KI + 3 Nal + 2 II 2 0. 

Exp. 209. — Prepare Nessler’s solution and examine its action on 
water containing very small quantities of ammonia. 

The scarlet iodide of mercury when heated passes into a # 
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bright yellow form, which is, however, unstable and returns 
to the red form again, slowly on standing, or immediately 
by rubbing it. 

412. Mercurous Sulphate, Hg 2 S0 4 , and Mercuric Sulphate, 
HgS0 4 , are obtained by heating together mercury and sul- 
phuric acid, the mercurous or mercuric compound being 
produced according as excess of mercury or sulphuric acid 
respectively is used. The mercuric sulphate is the more 
important salt; it consists of white crystals which on 
heating undergo decomposition with the formation of mer- 
curous sulphate. In presence of water the salt is very 
liable to become basic ; turpeth mineral is a yellow basic 
sulphate, 2 HgO.HgS0 4 , obtained by digesting mercuric 
sulphate with boiling water. 

413. Mercurous Nitrate, Hg 2 (N0 3 ) 3 , and Mercuric 
Nitrate, Hg(N0 3 ) 2 , are formed from mercury and nitric 
acid under similar conditions to the sulphates, and like 
thedi form basic salts in presence of water. 

For the weaker acids the affinity of Hg is too small to 
allow the formation of stable salts; the phosphates, 
carbonates, borates, and silicates have been either not pre- 
pared at all, or obtained as basic compounds of variable 
composition. 

414. Comparison of Silver and Mercury. — these two 
metals resemble each other in a number of points, e.g . — 

(1) Their compounds are very easily reduced to the 

metallic state. f 

(2) They form compounds of similar composition, e.g. 
Ag s O, HgjO ; Ag, SO*, Hg,S0 4 . 

(3) Both metals are unacted upon by water, by the 
halogen acids, hr by dilute sulphuric acid, but are converted 
inti salts by nitric acid and by hot concentrated sulphuric 
acid. 

(4) AgCl and Hg 2 Cl 2 are both insoluble in water, and 
both of them absorb ammonia gas. 

On the other hand, these metals differ in many re- 
1 gpects, e.g. — 
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(1) Silver only forms one series of salts, mercury forms 
two. 

(2) Mercury exhibits a strong tendency to form basic 
salts ; silver forms very few basic salts. 

(3) Mercury takes up oxygen when heated in air at a 
suitable temperature; silver will not unite directly with 
oxygen. 

The student should complete the comparison of the two 
metals on the Unes indicated above. 


QUESTIONS.— CHAPTER XXIX. 

1. What are the chief naturally occurring compounds of 

silver ? Give some account of the methods in use 
at present for the extraction of the metal Jrom its 
ores. • 

2. Describe and explain what occurs when (a) ammonia, 

( b ) potash is carefully added to a solution of a silver 
salt. 

3. Give as full an account as you can of the physical and 

'chemical properties of silver chloride. How could 
you prepare metallic silver from it ? Describe and 
explain the action upon silver chloride of ammonia, 
water, sodium thiosulphate, potassium chloride 
respectively. 

4. Starting with metallic silver, how would you prepare 

(a) silver nitrate, (b) silver chloride, (c) silver 
oxide, (d) silver hydroxide ? 

5. How would you prepare pure silver sulphate from a 

silver coin P • 

6. In what forms is mercury found in nature? How is it 

usually extracted ? Describe its chief physical and 
chenlical characteristics. What do you understand 
by the term “ amalgam ” ? 

7. Describe methods of preparing the oxides of mercury 

(a) from the metal, (6) from its compounds. • 



SILVER AND MERCURY. 


8. HoW are the two chlorides of mercury prepared? 

Compare their behaviour towards water and acids ; 
also compare the action of heat on them. What is 
the evidence for the formula Hg 3 Cl 2 for the lower 
chloride ? 

9. What happens when potassium iodide solution is added 

drop by drop to excess of mercuric chloride, and 
when the latter substance is added similarly to 
potassium iodide solution ? What is Nessler's 
solution , how is it prepared, and for what purpose 
is it used ? 

10. Discuss the action of (a) sulphuric acid, ( b ) nitric 

acid on mercury. 

11. Give reasons for and against classifying silver and 

mercury together. 



CHAPTER XXX. 

LEAD. 

415. Occurrence.— The chief ore from which lead is 

extracted is galena, PbS. It is very widely distributed 
and is worked in various parts of the United Kingdom, 
especially in the northern and south-western counties 
of England, in Flintshire, and in the Leadkills, Scotland. 
On the Continent, lead is extracted in the Harz, in Carin- 
thia, Spain, Belgubn, and other localities; in parts of 
America, Australia, and Africa there are also considerable 
deposits of lead ores. The less common ores are cerussite, 
PbC0 3 , pyromorpliite, 3Pb 3 (P0 4 ) 2 .PbCl 2 , and anglesite, 
PbS0 4 . . . 

■ 

416. Metal. — In treating of the metallurgy of lead we 
shall deal with the methods employed in its extraction from 
•galena as the chief source of the metal. The first part of 
the process is carried on in a reverberatory furnace at a 
moderate temperature whereby part of the galena is con- 
verted into oxide and sulphate— 

* (1) 2 PbS + 3 0 2 = 2 PbO + 2 S0 2 ; 

(2) PbS + 2 0 2 = PbS0 4 . 

The temperature is then raised and the remaining sulphide 
reacts by double decomposition with the oxide and sulphate 
formed in the first stage— . 

(3) PbS + 2 PbO = 3 Pb + S0 2 ; 

(4) PbS + PbS0 4 = 2 Pb + 2 S0 2 . 

With the exception of about 10 per cent, which remains in 
the “ slags/’ .the lead is thus obtained in the metallic con- 
dition. After running off the lead the residue in the slags 
is extracted by adding lime and a little coal and submitting 
the mixture to further heating. f 

441 
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. The essential elements in the construction of the furnace 
(Fig. 91) are : — 

(A) The hopper at which the charge is introduced. 

(B) The fire-place at one end and separated from the 
hearth by a rather high fire-bridge. 

(C) The hearth formed by moulding slag into the form 
shown, the depression serving for the collection of the 
molten lead, and the slopes of the hearth for spreading the 
charge so as to expose it to the action of the fire gases and 
for working the slags. 

(D) The doors for regulating the supply of air and work- 
ing the charge. 



Fig. 91 . 


The first part of the process is carried out at dull red 
heat, and is essentially one of calcination and oxidation, 
during which reactions (1) ^nd (2) take place. The doors 
are then closed and the temperature raised to a full red 
heat, when reactions (3) and (4) are effected. 

The lead obtained frequently contains sufficient antimony 
(as well as tin, copper, iron, silver, etc.) to render it hard, 
and it is in this case submitted to a process, of softening . 
The metal is heated on the bed of a reverberatory furnace 
until the antimony (copper, etc.) becomes oxidised and 
( forms a scum on the surface. This is skimmed off along 



with litharge which collects with it, and the process 
continued until the lead shows the proper degree of 
softness. 

417. Desilverising Lead. — Lead frequently contains silver 
in sufficient quantity to make it worth recovering. 

One process by which this is carried out is known as 
the Pattinson process which depends on the fact that pure 
lead solidifies at a somewhat higher temperature than an 
alloy of silver and lead. By melting the lead and then by 
sprinkling water upon it to bring down its temperature just 
to the solidifying point, the purer lead crystallises out first, 
and if this be removed by a perforated ladle, the liquid 
remaining is richer in Bilver. By repeating the treatment 
the silver accumulates, until a ton of the lead contains as 
much as 600 to 700 ounces of silver, after which the silver 
is best separated by cupellation. 

This consists in heating the^metal in an oxidising atmo- 
sphere on a cupel , i.c. in a special furnace, the bed of which 
is made of bone-ash impregnated with pearl-ash. The lead 
is oxidised to litharge, which collects at the surface of the 
.charge and is partly blown off, partly absorbed by the 
bed of the furnace, carrying with it the impurities and 
leaving molten silver. 

418. Properties of the Metal. — Lead isa soft bluish-grey 
metal with a bright lustre at a freshly-cut surface. Such a 
surface, however, soon tarnishes in air. It is very malleable 
but possesses very little tenacity. The specific gravity of 
lead varies from 1T25 to 11*3^ according to the treatment 
to which it has been subjected. Its melting point is 326° C. 

The metal dissolves readily in nitric acid, forming lead 
nitrate ; it is only acted on slowly by hydrochloric acid 
even in presence of air ; sulphuric acid only acts on lead 
when hot and concentrated. • 

Action of Water upon Lead. — If a sheet of lead having 
a bright suVface be placed in ordinary distilled water and 
left for a time, the surface layer becomes oxidized, through 
the combined action of the water and dissolved air, to lead 
hydroxide Pb(OH),, which dissolves in the water. Thi$ 



LEAD. 


444 1 

process will be repeated, and under favourable circumstances 
a considerable quantity of lead hydroxide will form. This 
usually becomes converted by C0 2 derived from the atmo- 
sphere into basic lead carbonate which appears as a precipi- 
tate. Excess of carbou dioxide would cause some of this 
substance to pass into solution owing to the fornication of a 
soluble bicarbonate. We see then that it is possible for 
even distilled jpater to dissolve lead. This action is aided 
by the presence of bi carbonates, nitrates and ammonium 
salts in the water, since these tend to the formation of 
soluble lead compounds. 

If on the other hand a sulphate is present in the watei , 
a film of insoluble lead sulphate is formed on the surface of 
the metal, which protects it from the further solvent action 
of the water. Hence waters containing sulphates are safe 
from lead poisonin g. Distilled water from wh ich all dissolved 
gases have been expelled exerts no solvent action upon lead. 

Exp. 210. — Investigate the aotfbn of (a) recently -boiled distilled 
water. ordimfry distilled water, (c) solutions of various salts, on 
lead b'yplaoing the liquids in test-tubes in contaot with pieces of lead, 
corking up the tubes, and leaving them for a week. Then test the 
liquids for lead by means of H 2 S. and oompare the depth of coloration 
or the amount of precipitate pioduced under the different conditions. 
N.B. The tube containing distilled water should be quite full of 
liquid, as air must be excluded. 

Alloys. — Lead* is an essential constituent o£ several 
common alloys. Solder is an alloy of lead and tin, the 
proportions of the metals used varying between the limits 
2 parts of tin to 1 part of lead and 2 parts of lead to 1 of 
tin ; pewter is an alloy of 1 part of lead to 4 of tin ; type 
metal is composed of 4 parts of lead to 1 of antimony ; and 
an alloy of these metals with "the antimony predominating 
is used in the construction of appliances where resistance 
to the action of Strong acids is called for. 

419. Oxides and Hydroxides. — Lead monoxide, PbO, 
called also massicot and litharge, is obtained when metallic 
lead is oxidised at high temperatures, the massicot being a 
dull yellow powder and the litharge (obtained in the 
cupeliation process) a flaky mass, varying in colour from 
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pale yellow to reddish. When a solution of lead 6xide in 
caustic potash is allowed to cool slowly, a yellow oxide 
crystallises out, whilst if the cooling be still more gradual, 
reddish crystals of a different form are obtained. The 
oxide is used in tile production of flint glass and of glaze 
for pottery. 

When ammonia is added to solutions of the salts of lead, 
the hydroxide , Pb(OH) 2 , is precipitated. This hydroxide 
is somewhat soluble in water with an alkaline reaction, 
and, like the caustic alkalies, it absorbs carbon dioxide. 

420. Red Lead or Minium, Pbj0 4 , is prepared by the 
oxidation of massicot, a moderate temperature and free 
contact with air being essential to its production. When 
red lead is strongly heated, it becomes darker in colour, 
and ultimately gives up a part of its oxygen, forming the 
monoxide. When treated with dilute nitric acid, a brown 
powder, lead dioxide , Pb0 2 , isjeft as a residue. This has 
led to the view that red lead should be regarded a# a com- 
pound of the monoxide and the dioxide (Pb0) 2 .Pb0 2 . * The 
action of nitric acid is then — 

• (PbO) 2 .PbO !i +4 HN0 3 = 2 Pb(NO s ) 2 + Pb0 2 + 2 H,0. 

Similarly the sesquioxide , Pb 4 O v may l>e regarded as 
PbO.Pb0 2 , and this likewise yields the dioxide on treat* 
ment with dilute nitric acid. • 

421. Lead Dioxide or Peroxide, Pb0 2 , is a brown powder 

obtained, as already described, by adding dilute IINO., to 
red lead ; also by the action of chlorine on the monoxide sus- 
pended in caustic soda or potash, or on a solution of a lead 
salt (such as lead acetate) ii> presence of free alkali. In 
each of these cases the alkali and chlorine may be supposed 
to form a hypochlorite, which then oxidises the lead com- 
pound • 

PbO + NaOCl = NaCl + PbO a . 

2 Pb (6, H 3 0 2 ), + 2 KOC1 + 211,0 

Lead acetate 

= 2 PbO, + 2KC1 + 4 H . CjHjOj. 

Acetic acid 
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. Wheh strongly heated lead dioxide gives off oxygen, and 
passes ultimately into the monoxide. It combines directly 
with sulphur dioxide, forming lead sulphate with such 
energy that the product becomes red hot. If lead dioxide 
be fused with caustic potash, direct 'combination takes 
place with the formation of potassium plumbate, K 2 Pb0 3 . 
The formation of this compound shows that lead may act 
as an acid-forming element towards strong bases. With 
hydrochloric acid lead dioxide behaves like manganese 
dioxide, evolving chlorine — 

Pb0 2 + 4 HOI = PbClj + Cl, + 2H 2 0, 

and with sulphuric acid it evolves oxygen — 

2 PbO, + 2 H 2 S0 4 = 2 PbS0 4 + 2 H 2 0 + 0 2 . 

Lead dioxide is used in the manufacture of matches, and 
also as an oxidising agent # in the production of aniline 
dyes. . 

% 

422. Lead Sulphide, PbS, is obtained by direct union 
of the elements, or by the action of sulphuretted hydrogen 
on solutions of lead salts. By the action of nitric acid, 
or even by exposure t>f the moist sulphide to air at the 
ordinary temperature, it becomes oxidised to lead sul- 
phate, PbS0 4 . fiydrogen peroxide also brings about the 
same change as we saw in § 122. 

423. Lead Chloride, PbClJ, is the white precipitate formed 
when hydrochloric acid or a soluble chloride is added to a 
solution of a salt of lead. Tt is slightly soluble in cold 
water, but much more freely in hot water, from which on 
cooling the chlcfride separates in glittering plates. Several 
basib chlorides are formed either by the addition of am- 
monia or lime water to solutions of lead chloride, or by 
fusing oxide of lead with the chloride. One of these, 
Pb(OH)Cl, known as Pattinson’s white, is used as a pig- 
ment, and is obtained by boiling milk of lime with chlor- 
ide of lead. 
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A hot solution of lead chloride containing excess of 
hydrochloric acid gives with sulphuretted hydrogen a red- 
dish precipitate which is a double compound of lead chloride 
and lead sulphide, probably having the composition 
PbS.PbCl 2 .* It often appears in the ordinary process of 
qualitative analysis, and is due as stated above to the pre- 
sence of PbCl 2 and excess of HC1. Excess of sulphuretted 
hydrogen converts it into the black sulphide. 

Lead chloride is volatile at high temperatures, and at 
about 900° C. its vapour density corresponds to the formula 
PbCi 2 . 

The Tetrachloride, PbCl 4 , is a very unstable body obtained 
by the action of chlorine on the dichlorido suspended in hydro- 
chloric aty.d. With ammonium chloride it forms a double 
salt of the composition 2(NH 4 )Cl.PbCl 4 , or (NH 4 ) 2 PbCl 6 
{cf. (NH 4 ) 2 PtCl 6 ), and this on addition of cold concentrated 
sulphuric acid yields the tetrachloride again. This affords a 
means of obtaining the substance in a fairly pure condition. 

The Bromide, PbBr 2 , and Iodide, Pbl* are, •like the 
chloride, obtained by acting on the salts of lead wi£h the 
respective acids or their soluble salts. They also resemble 
the chloride in being much more soluble in hot water than 
cold, and in forming basic salts. The bromide is white, the 
iodide yellow. 

424, Lead Sulphate, PbS0 4 , is one of tihe most insoluble 
of the fead salts; it dissolves readily in caustic alkalies, 
and slightly in moderately concentrated sulphuric acid, 
but separates out again when the acid is diluted to any 
great extent. Lead sulphate* dissolves somewhat readily 
in hot and moderately concentrated hydrochloric acid. If 
the solution he cooled, however, crystals of lead chloride 
are deposited. 

425. Lead Nitrate, Pb(N0 3 ) 2 , is obtained in white cry stals 
by dissolving the metal or its oxide or carbonate in dilute 
nitric acid, # and concentrating the solution until on cooling 
it crystallizes. The crystals crackle somewhat violently on 
heating, giving off oxygen and nitrogen peroxide, and 
leaving a residue of litharge. 
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.426. Xead Carbonate, PbC0 3 . — When sodium carbonate 
is added to a solution of lead nitrate basic carbonates of 
variable composition are precipitated. Normal lead carbon- 
ate can, however, be obtained by passing carbon dioxide 
into a diluto solution of lead acetate (sugar of lead). 

The basic carbonate known as “ white lead ” is of great 
importance in consequence of its application as a white 
pigment. If a solution of lead acetate be boiled with lead 
oxide and then filtered, a basic acetate is obtained, and on 
passing carbon dioxide through the solution a white pre- 
cipitate of this basic carbonate, essentially (Pb00 3 ) 2 .Pb(0H) 2 . 
is deposited. 

Exp. 211. — Prepare a solution of basic lead acetate and from this 
“ white lead ” by the method just described. 

Prepared in this way, however, the pigment is denser 
and does not possess the same covering power as that 
formed more gradually by the Dutch process. 
In this process coils of sheet lead are placed 
in conical vessels (Fig. 92 ) resting on a ledge, 
the bottom of the vessel containing weak acetic 
acid. These vessels are about 8 inches high, 
and a large number of them are then stacked 
together in layers, each layer being covered 
with tan or other fermenting vegetable mat- 
ter. The stacks are very large, say 15 ft. 
square by 20 ft. high, and the heat generated by the fer- 
mentation gradually volatilizes the acetic acid and brings it 
into contact with the lead. The acetic acid in conjunction 
with the oxygen of the air slowly attacks the lead with 
formation of basic lead acetate, Pb(0 2 H 3 0 2 ) 2 . Pb(OH) 2 , 
according to the equation — 

2 Pb + 0 2 +*2 H.C 2 H 3 0 2 = Pb(C 2 H 3 0 2 ) 2 . Yb(OH) r 

As soon as it is formed, however, the basic acetate is acted 
upon by the carbon dioxide produced during the fermenta- 
tion, with formation of basic lead carbonate, (PbCO s ) 2 . 
Pb(OH) 2 (white lead) and free acetic acid (water also 
entering into the reaction) — 
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3 [Pb(C 2 H 3 0 2 ) 2 . Pb(OH) 2 ] + 4 C0 2 + 2 H 2 0 = 

2 [(FbC0 3 ) 2 .Pb(0H) 2 ] + 6H.0 2 H 3 0 r 

This equation does not, however, represent the whole of 
the change which 'takes place, for some normal acetate is 
formed thus — 

3 [Pb(C a H,0 2 )r Pb(OH) a ] + 2 CO, = (PbC0 3 ) 2 . Pb(OH) 2 

+ 3 Pb(C 2 HA) a + 2 H a O. 

The free acetic attacks more lead as in the first equation, 
and so the cycle of changes is repeated. The normal 
acetate in the presence of air and water also acts upon the 
lead with formation of the basic acetate — 

2 Pb(CAA) 3 + 0 2 + 2 Pb + 2 H 2 0 = 

2 [Pb(C 2 HA) 3 . Pb(OH)J. 

The basic acetate is then acte<J upon by carbon dioxide as 
already described. t m 

* 

42 7. Lead Tetracetate, Pb(C 2 H 3 0 2 ) 4 . — This compound 
is obtained by acting on red lead with acetic acid. The 
product is carefully filtered and the filtrate is then allowed 
to crystallise. 

In th’is compound as well as in the tetrachloride we have 
evidence jof the tetravalency of lead, a character which it 
shares m common with all the elements of this group, but 
lead possesses it in a less degree than most of the other 
members. 


dUESTIONS.— CHAPTER XXX. 

1. Describe in some detail the process of* obtaining lead 

from galena. What other metal is frequently 
extracted from the lead so obtained and how is the 
process carried out ? 

2. Give an account of the behaviour of lead towards the 

common acids, and water. How would you examine 
a sample of water for dissolved lead ? # 

SEN. CHUM. OO, 
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3. How may the following compounds of lead be prepared 
from the metal: — Lead nitrate, red lead, and lead 
chloride? Describe briefly the properties of these 
substances. 

4 How would you prepare metal] ic lead from lead sulphate ? 
What is the behaviour of this compound towards 
sulphuric acid, hydrochloric acid, water, and al- 
kalies ? 

5. What is white lead ? Describe the processes by which 

this substance is manufactured, indicating by equa- 
tions the probable chemical changes involved. 

6. Describe how you would prepare some lead dioxide, 

given litharge. Compare the action of sulphuric 
and hydrochloric acids on lead dioxide and red 
lead. 



CHAPTER XXXI. 

IRON. 

428. Occurrence. — In tlie metallic form iron hag been 
found in largo masses in Greenland and occurs also in 
meteorites associated with cobalt and nickel. As oxides ifc 
is found as magnetite, Fc 3 0 4 , in masses or octahedral 
crystals chiefly in Lapland, Sweden, Siberia, and some 
parts of North America ; as haematite, Fe a O Jf in Belgium, 
Sweden, lUba, to the south of Lake Superior, and in 
England it is worked in the neighbourhood of Whitehaven 
and Ulverston ; as limonite, 2 Fe 2 0 3 .3H 2 0, in South Wales 
and in Spain; the bog iron eres which occur in Ireland, 
Sweden, and North Germany belong to the class of hydrated 
oxides. The carbonate is known as the mineral spathic 
iron ore, or in the less pure and more earthy form of clay 
.ironstone, and, associated with carbonaceous matter, as 
black band ironstone. Iron occurs combined with sulphur 
chiefly in the form of iron pyrites, FeS 2 , which is found 
in large quantities in Spain, and crystallises in the regu- 
lar system; the form known as marcasife crystallises in 
the rhombic system. Ferrous sulphide, FeS, occurs in 
meteorites. 

429. Metal. — The ores empfoyed in the production of 
iron on the large scale must be such as can be readily 
reduced and contain as little* arsenic and sulphur as pos- 
sible, since these elements are difficult to eliminate and 
have a deteriorating effect on the metal. The oxidqp or 
hydrated oxides and carbonates are the only ores which are 
applicable to iron smelting. 

Commercial iron occurs in three forms : (1) cast iron, 
(2) wrought or malleable iron, (3) steel. The differences 
between these substances depend chiefly on the amount of 
carbon they contain. In practically all cases the ore if 
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first converted into cast iron (or pig iron), and the other 
forms are obtained from the latter. 

430. Production of Cast Iron. — The ore (if clay ironstone 
or a spathic ore) is first calcined and then subjected to the 
operation of smelting in a blast furnace. 

The calcination is performed by stacking the ore, with a 
small quantity of fuel, in heaps (or in shallow kilns), and 

carefully .regulating the 
temperature and air 
supply so that — (a) Most 
of the moisture, carbon 
dioxide, sulphur, and ar- 
senic are expelled. (6) 
The ferrous oxide under- 
goes sufficient oxidation 
to ferric oxide to avoid 
the production of ferrous 
silicate during the smelt- 
ing operation, (c) The 
ore is rendered more 
porous, a condition which 
facilitates its ultimate re- 
duction to metallic iron. 

The calcining opera- 
tion is thus not only 
essential for getting rid 
of certain objectionable 
impurities, but also re- 
lieves tho work of the 
w- z^— blast furnace. 

Fio. 93. The smelting is per- 

formed in a tall furnace 
known as the blast furnace, the form of which will be seen 
by reference to Fig. 93. The height of such a furnace may 
be as much as 80 ft. and its greatest internal width 25 ft. 
(viz. at the “boshes” D), The mouth of the furnace is 
closed by a “ cup and cone,” as shown at A, and the waste 
gases arising from it pass away by a pipe which is shown 
* at B, just below the mouth. In its lower part the furnace 



Fio. 93. 
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gradually narrows below the boshes and at its base is the 
“ hearth ” C, a space about 8 ft. in diameter and the same 
in height. 

There is an outlet for the slag at S, just above the “dam” 
in the “ iote hearth,” which is shown in the figure just to 
the left of the hearth proper. Below this, the iron is tapped 
off at intervals of about 12 hours. The charge in such a 
furnace consists of 4 parts calcined ironstone to 1 part of 
limestone with, cote equal to somewhat less than half the 
weight of the ironstone, though the proportions vary in 
some degree according to circumstances, such as the 
nature of the ore and the character of the pig iron to 
be produced. The air is introduced under forced blast at 
openings, near the base of the furnace, by water- jacketed 
twyers, tft, 5 tons (or about 5000 cubic yards) of air and 
2J tons of calcined ore being required per ton of iron 
produced. 

This quantity of air, largq as it seems, is insufficient 
for the complete oxidation of the carbon, ^ind t^e gases 
escaping from the furnace consist largely of carbon mon- 
oxide and nitrogen. They are led off by the pipe 
.previously referred to and furnish the means of heating 
the air supplied to the furnace ; this effects an economy 
of fuel and also conduces to the attainment of a high 
and equal temperature in the furnace. The process goes 
on continuously for years, until indeed the furnace must 
be blown out for repairs, and fresh quantities of the 
charge are periodically introduced by lowering the cone at 
the mouth of the furnace. 

The temperature and the composition of the materials in 
the furnace of course vary at different parts. The tempera- 
ture of the charge in the upjfer zone does not exceed dull 
red heat, and lower down increases until near the base 
of the furnace a white heat (over 2000° C.) prevails. 

431. Chemical Changes which take place in the Blast 
Furnace. — The first change which takes place is the 
combination of the oxygen of the air-blast with the 
carbon of the coke to form carbon dioxide. 

0 + 0* = CO, (i) 
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As the carbon dioxide passes up the furnace over the hot 
carbon it undergoes reduction to the carbon monoxide. 

C0 2 + C = 2 CO (ii) 

The temperature of the charge gradually rises as it de- 
scends the furnace, and at a certain point it reaches the 
temperature (a dull red heat) at which the ascending 
carbon monoxide is able to reduce the ferric oxide to 
metallic iron. The reduction probably takes place in two 
stages, ferrous oxide being formed as an intermediate 
product — 

FeA + CO = 2FeO +C0 2 .... (iii) 

FeO + CO = Fe + C0 2 . . . . (iv) 

These two changes take place chiefly in the u^per zone, 
the temperature being 600° to 900° G. The reduction of 
the iron oxide is, however, not complete, for iron is able 
to reduce both carbon dioxide and carbon monoxide at 
high teigperatiire — 

* 2 Fe + 3 C0 2 = FeA + 3 CO . . . . (v) 

2Fe + 3CO = FeA + 3C .... (vi) 

and these reactions also take place to some extent. 

Another change which is brought about in the upper 
zone is the decomposition of limestone into lime and 
carbon dioxide— 

CaC0 3 = CaO + CO a . . . . (vii) 

As we approach the middle of the furnace the temperature 
becomes sufficiently high (1000° C.) to bring about some 
decomposition of carbon monoxide with separation of 
carbon — 

2 CO = CO, + C . . . . (viii) 

The*- small quantity of iron oxide still present in the iron 
when it reaches this zone now undergoes reduction chiefly 
by the action of free carbon — » 

FeA + 3C = 2Fe + 3CO . . '. (ix) 

f i.e. we have a reversal of reaction (vi). 
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At this stage the iron is in a spongy condition, the tem- 
perature being insufficient to melt it. As it passes down 
into the hotter parts of the furnace it takes up carbon in 
considerable quantity. The melting point of the iron is 
thereby lowered, atid this fact combined with the increase 
in temperature results in the metal becoming completely 
melted. The molten iron collects in the hearth of the 
furnace 

Iron takes up several other elements in addition to 
carbon at various stages of its descent through the fur- 
nace, viz. : sulphur, phosphorus, and silicon. These are 
absorbed in the order named, i.e. sulphur at the lowest 
temperature and silicon at the highest. They are derived 
from conyjoumls present in the ore or in the limestone. 
Manganese is also very frequently present in iron in small 
quantity. 

We have yet to mention tho formation of the slag. 
When the lime produced in tl^e upper zone by the decom- 
position of limestone reaches tho lower and # hotte^ zone, it 
combines with the siliceous matters present in the (*re to 
produce a readily fusible slag consisting mainly of calcium 
.and aluminium silicates. Since the molten slag has a 
smaller specific gravity than tho iron, it collects above the 
metal, and as the process goes on it flows away through 
the slag hole. 

When, a sufficient amount of metal has accumulated, it is 
run oft* and cast in open furrows of sand in 44 pigs ” about 
3 ft. long and 3 to 4 inches thick. 

432. White pig is fme-grairffed and contains 3 to 4 per 
cent, of carbon, chiefly in combination with the iron as 
iron carbide; if treated with dilute hydrochloric acid it 
dissolves almost completely, evolving gaseous hydrocarbons, 
the presence of which is rendered evident by their un- 
pleasant odour. Grey pig is coarse-grained, and -When 
freshly fractured crystals of graphite are visible to the 
naked eye ; *the amount of carbon present does not differ 
essentially from that in white pig, but it is chiefly in the 
graphitic form and is not acted upon by dilute acid. Such 
pig iron when heated with dilute acid leaves therefore % 
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residue* consisting of carbon. There is also an intermediate 
form known as “ Mottled pig” 

Exp. 212. — Dissolve in concentrated HC1 fragments of (a) white 
pig iron, (6) grey pig iron, noting differences in the residues and 
m the gas evolved in each case. 

In addition to carbon, pig iron contains smaller quantities 
of silicon (about 2 per cent.), phosphorus (about 0*7 per 
cent.), and sulphur (about 0T per cent.). ‘Spiegeleisen or 
specular iron is a variety of pig iron obtained from man- 
ganiferous ores. Besides manganese, it contains more 
combined carbon than ordinary pig iron (3*5 to G per 
cent.). Spiegeleisen is largely used in the manufacture of 
Bessemer steel (q.v.). 

433. Production of Wrought Iron. — Wrought iron as a 
commercial product is essentially iron containing only a 
minimum quantity of impurities, amounting in all to 
abouj, 0^> per tent. The removal of carbon, sulphur, etc., 
is effected by first “ puddling ” the pig mm, a process in 
which the latter is heated in contact with ferric oxide in 
presence of air, and then hammering and rolling it whilst 
hot, the mechanical pressure serving to develop a fibrous 
texture and to squeeze out slag and other matters retained 
by the iron. f 

434. Production of Steel. — Steel consists of iron asso- 
ciated with from O' 3 to 1*5 per cent, of carbon. In the 
Bessemer Process cast iron «is converted into steel by intro- 
ducing the molten metal into a large pear-shaped steel 
vessel (called a converter) liped with suitable material to 
withstand the high temperature, and blowing air through 
till the impurities are oxidised. 

A'quantity of carbon in the form of spiegeleisen is now 
added, which is considerably less than that originally 
present in the cast iron. 

Other processes are also used for the conversion of cast 
iron into steel, but it is not necessary for us to consider 
phem here. 
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435. Composition of Wrought Iron, Cast Iron, and 
Steel. — The following table shows the general composition 
of these products : — 


• 

Wrought Iron. 

Steel. 

Cast Iron. 

Iron 

Carbon 

Sulphur ... 
Phosphorus , ... 

Silicon 

Manganese 

99-5 

0*1 to 0 3 
trace 

02 

nil 

nil 

98'5 

0*3 to ! *5 

0 04 

0 03 to 0-1 

0*2 

0 to 1 or more 

92 to 95 
1*5 to 4 *5 
01 

0*5 

1 to 4 
nil 


436. Properties of Iron and Steel.— The properties of 
wrought iron , cast iron , and steel differ considerably. This 
differenced depends chiefly upon the quantity of carbon 
present. Wrought iron , which is nearly pure iron, is a 
soft, grey, malleable metal possessing considerable tensile 
strength (i.e. a heavy weight can be hung on to a tolerably 
thin iron wire without breaking it). As tlig perc«jptage of 
carbon increases, the iron becomes harder and less malle- 
able ; up to a certain point the tensile strength increases, 
but beyond this it diminishes. Cast iron , which contains 
the highest percentage of carbon, is very brittle, and its 
tensile strength is much smaller than that of wrought iron. 

Steel is very tough, possessing even greater tenacity than 
wrought iron, and it possesses the remarkable property of 
becoming very hard on being heated up and then suddenly 
cooled. If it is now heated again to a moderate tempera- 
ture it becomes softer, and by varying the temperature the 
hardness can be regulated. Tltis process is called “ temper- 
ing,” aud the steel is said to “take a temper wrought 
iron and cast iron cannot be tempered. 

The melting point of all three substances is very high 
(approximately 1600° — 1900° C.), that of 1 cast iron being 
the lowest and that of wrought iron the highest. • 

All three forms are unacted upon by dry air at ordinary 
temperatures, but in moist air they become coated with 
iron rust , wnich consists chiefly of hydrated ferric oxide. 
Busting is greatly accelerated by the presence of carbon 
dioxide or acid vapours. • 
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*437. Uses of Iron and Steel . — Wrought iron was formerly 
used for a great variety of purposes, but steel has now 
taken its place to a very large extent. The greater part of 
the wrought iron manufactured at the present time is 
employed for making the cores of electromagnets used 
in dynamos and electric motors. A considerable amount 
is also employed by the blacksmith, who requires a metal 
which can be easily worked at a red heat ; horseshoes, for 
instance, are made of wrought iron. 

Cast iron is, as its name implies, used for castings — 
e.g . fire-grates, fly-wheels, and pistons ; its value for this 
purpose depends upon (1) its low melting-point compared 
with wrought iron and steel ; (2) the fact that on cooling 
from a temperature somewhat above the melting-point a 
considerable expansion takes place which enables the 
molten metal to fill every part of a mould into which it is 
poured. 

The purposes for which steel is employed are innumer- 
able: it ©is used for making tools, guns, armour-plating 
for ships, boiler-plates, rails, girders for bridges, etc., 
etc. 

438. Pure Iron. — The purest form of commercial iron is 
piano- wire, which contains about 09*7 per cent, of iron. 
To obtain still more pure iron, ferrous oxide, oxalate, or 
chloride may be deduced by heating them in a current of 
hydrogen. If the reduction is carried out at a compara- 
tively low temperature, the iron is obtained as a fine black 
powder which oxidises so readily that it becomes incan- 
descent on exposure to air? This is termed “ pyrophoric 
iron.” When reduced at a higher temperature iron is not 
pyrophoric. Pure iron may fclso be deposited by electro- 
lysis from a solution of ferrous sulphate. 

43$. Action of Acids on Iron. — Tho action of the three 
common mineral acids on iron is as follows : — 

Hydrochloric acid , whether dilute or concentrated, gives 
hydrogen and ferrous chloride, PeCL 2 . 

Sulphuric acid when dilute gives hydrogen and ferrous 
Sulphate, PeS0 4 . The concentrated acid has no action in 
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the cold, but on heating the metal dissolves with liberation 
of sulphur dioxide and formation of ferric sulphate, 
Fe^SO^, and ferrous sulphate. 

Nitric acid , whether dilute or concentrated, readily dis- 
solves iron ‘with formation of brown fumes, which are very 
copious in the latter case. With the dilute acid, nitrogen 
peroxide, nitric oxide, nitrous oxide, and free nitrogen are 
all evolved in varying quantities, and the solution contains 
ammonium nitrate, ferrous nitrate (Fe(NO :4 ) t ), and ferric 
nitrate (Fe(N0 3 ) 3 ). The chief products when the con- 
centrated acid is used are nitrogen peroxide, nitric oxide, 
and ferric nitrate. 

It is found, however, that pure concentrated nitric acid 
does not dissolve iron which becomes “passive.” In this 
condition it is not acted upon by other acids, nor does it, 
like ordinary iron, precipitate copper from a solution of 
copper sulphate. The “passive” state of iron has been 
attributed to various causes ,Jbut the most probable ex- 
planation is the formation of a film of magnetic exide, as 
it has been shown that iron can be made passive by heating 
in oxygen. 

440. Oxides and Hydroxides. — Three oxides of iron are 
known to exist in the free state, viz. ferrous oxide, FeO, 
magnetic oxide, Fe 3 0 4 , and the sesquioxide or ferric oxide, 
Fe. 2 0 3 , whilst a fourth (probably Fe0 3 ) occurs in combina- 
tion in certain unstable salts, the ferrates of the alkalies 
and alkaline earths. 

Ferrous Oxide, FeO, is obtained by reduction of the 
sesquioxide in hydrogen at 300°C. or by heating the 
oxalate with the exclusion of the air or oxygen. It glows 
on exposure to air at ordinary temperatures, and readily 
becomes oxidised to ferric oxide. The ferrous hydroxide 
Fe(OH) 2 , a white flocculent substance obtained by jpre- 
cipitation of ferrous salts with potash, oxygen being rigidly 
excluded, also absorbs oxygen with great avidity, turning 
dark greensand ultimately passing into reddish-brown 
ferric hydroxide, Fe(OH) 3 . Ferrous oxide is a basic oxide, 
and by the action of the several acids upon it (or upon 
metallic iron) a series of salts known as the ferroui 
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salts are obtained. These salts are usually white in the 
anhydrous condition and pale green when, in the hydrated 
form. 

441. Ferric Oxide (Sesquioxide), Fe 2 0 3 , occurs in con- 
siderable deposits either as such or associated with water 
of hydration. (See § 428.) It is obtained as a residue 
when ferrous sulphate is strongly heated, and this residue 
is employed as a polishing powder and as a pigment, 
yielding yellow, red, or brown ochre. Iron rust consists 
chiefly of hydrated ferric oxide. The hydroxide , Fe(OH\, 
is obtained on precipitating ferric salts with alkalies — 

FeCIa + 3 KOH = Fe(OH) 3 + 3 KC1. 

• v 

It forms the base of the ferric salts. 

442. Magnetic Oxide of Iron, Fe 3 0 4 , occurs as magnetite 
or lodestone, and is formed "when metallic iron is strongly 
heated fa steam or carbon dioxide. It may be conveniently 
prepared as follows : — 

Exp. 213. — Weigh out 2 grammes of ferrous sulphate crystals, dis- 
solve in water, acidify with sulphuric aoid, add some nitrio acid, 
and boil till brown fumes cease to be evolved even on the addition 
of a few more drops of nitrio acid. Now add cauatio potash to the 
solution till a pre<jipitatc begins to form* and juat redissolve this 
with dilute sulphuric acid. 

Next weigh out l gramme of ferrous sulphate orystals, dissolve in 
water, and add the solution to that just prepared. Shake up in 
order to mix thoroughly and then add oaustio potash. Filter off 
the black precipitate whioh fonns, wash it, and dry on the water- 
bath. 

The changes which have taken place are as follow: — 
The ferrous sujphate when boiled with nitric acid was 
oxidised to ferric sulphate. The ferric sulphate formed 
was equivalent to two grammes of ferrous sulphate, and 
one gramme of ferrous sulphate was subsequently added, 
so that the solution to which caustic pota?& was added 

* The objeot of this is to neutralise the exoess of nitrio acid so 
<vhat it does not oxidise the ferrous sulphate subsequently added. 
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contained equal numbers of molecules of ferrous and 
ferric sulphates, (since each molecule of ferric sulphate is 
formed from two molecules of ferrous sulphate — see equa- 
tion in § 203). 

The effect of adding caustic potash to this solution is to 
produce a black precipitate, which may be considered as a 
compound of equal numbers of molecules of ferrous* and 
ferric hydroxides, and this compound when dried on the 
water-bath loses* water, and is converted into magnetic 
oxide of iron, which may be considered as a compound of 
one molecule of ferrous oxide and one molecule of ferrio 
oxide. 

One molecule of ferrous oxide = FeO 

„ * „ „ ferric oxide = Fe a O, 

M „ „ magnetic oxide of iron = Fe^0 4 

FeSO* + Fe*(S0 4 ) 3 + 8 KOH = Fe 3 (OH) 6 + 4 # K 2 S0 4 , 
F63 (OH) b = Fe 3 0 4 + 4 H a O. * * 

This oxide of iron derives its name from the fact of its 
being magnetic. Strong mineral acids act upon it, forming 
a mixture of ferrous and ferric salts, and no series of salts 
corresponding to it has been prepared. 

443. Ferrous Sulphide, FeS, is prepared by heating 
together iron filings and sulphur, or by the reduction of 
feri'ous sulphate by carbon. The precipitated form of it, 
obtained by addiug an alkaline sulphide to a ferrous 
salt, rapidly undergoes oxidation to ferrous sulphate 
when exposed to air. Mineral acids act very readily on 
ferrous sulphide, liberating sulphuretted hydrogen. (See 
§ 217 .) • 

Iron Pyrites, FeS 2 , is found native as iron pyrites add as 
marcasite ; in contact with moisture and air these become 
slowly oxidi^d to ferrous sulphate. When they are heated 
sulphur is grten off, and in presence of air this undergoes 
a more or less complete oxidation to sulphur dioxide, ferrio 
oxide being left as a residue. (§ 232.) * 
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• 444. Ferrous Chloride, FeCl 2 , is obtained anhydrous in 
white feathery crystals by heating metallic iron in a current 
of dry hydrogen chloride. An apparatus similar to that 
represented in Fig. 94 may be employed. A spiral of fine 
wire is heated in a rather wide tube A, provided with a bulb 
B. A current of dry HC1 is passed over it, and crystals of 
FeCl a are deposited in the bulb, from which they may be 



shaken out when fno operation is at an end. It is deli- 
quescent and readily soluble in water. Green crystals 
having the composition FeCl^. 4 H a O separate out when iron 
is dissolved in hydrochloric acid and the solution is con- 
centrated by evaporation. By treating such a solution 
with chlorine, the ferrous chloride passes into ferric 
chloride. The vapour of ferrous chloride at temperature 
between 1200° and 1500° C. corresponds to the formula 
FeCl 3 . 

Exp. 214. — Prepare anhydrous ferrous chloride as described above. 
The wash-bottle shown in Fig. 94 contains strong sulphuric acid to 
dry the HC1. Displace the air from a small flask by C0 2 . Now 
introduce the ferrous chloride and a little well-boiled water into the 
flask and quiokly cork up. Shake up to bring the FeCl n into solution. 
On cooling, crystals of the hydrated salt separate outV It is necessary 
co completely remove air from the apparatus, owing to the rapidity 
with which FeCl 2 beoomes oxidised. Expose a little of the solution 
4 >t ferrous chloride to the air and note what takes place 
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445. Ferric Chloride, FeClj. — This salt is obtained in 
the anhydrous condition in nearly black crystals by direct 
union of iron and chlorine in an apparatus similar to that 
described in the preceding paragraph for the preparation 
of FeCl 2 . • 

These crystals are very deliquescent and dissolve readily 
in water, forming a brown solution which becomes yellow 
on dilution. The same solution may be obtained by dis- 
solving ferric o^dde in hot concentrated hydrochloric acid, 
or ferric hydroxide in the dilute (or concentrated) acid ; 
also by passing chlorine into a solution of ferrous chloride. 

Fe a 0 3 + 6 HC1 == 2 FeCl 3 + 3 Bfl. 

Fe(OH), + 3 HC1 = FeCl 3 + 3 H 2 0. 

* 2 FeCl, + Cl, = 2 FeCl a . 

From the solution of ferric chloride several brown 
crystalline hydrated salts haye been obtained by varying 
the conditions under which the crystals, separate; the 
compound containing the greatest amount of water of 
crystallisation is represented by the formula FeCl 3 , 6 H 2 0. 

Anhydrous ferric chloride can be volatilised without 
decomposition, its boiling point being about 280° C. ; up 
to a temperature of over 400° C. the density of its vapour 
is in agreement with the composition Fe 2 Cl 6 , but at higher 
temperatures it diminishes, and at 75(>°C. its value is 
approximately halved, corresponding to the composition 
FeCl 3 — 

V.D. at 448° = 10*49 ,V.D. at 750° 

„ 518°= 9*57 „ 1050° 

„ 606° = 8-38 - „ 1300° 

Fe a Cl 6 requires 11*2 (air — 1) 

FeClj „ 5-6 ( „ ) 

Exp. 215.— -^Prepare anhydrous ferrio chloride by the method given 
above. Dissolve this in water and obtain crystals of the hydrated 
salt. Also prepare the hydrated salt by passing chlorine into a 
solution of ferrous chloride obtained as in Exp. 214, or by dissolv- 
ing iron in hydrochloric aoid. .. 


= 539 
= 5*31 
= 5*12 
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446. Ferrous Sulphate, FeS0 4 . 7 H a 0, knows also as 
green vitriol, forms green monoclinic crystals, and is 
obtained by dissolving metallic iron in dilute sulphuric 
acid (excluding air or oxygen) and then concentrating the 
solution to the point at which it crystallises. - It is also 
formed slowly by the oxidation of the mineral marcasite or 
iron pyrites (FeS 2 ) at ordinary temperatures, and is manu- 
factured on the large scale in this way. When this salt is 
mixed in solution with alkaline sulphates,, and sufficiently 
concentrated, crystals of a double salt having the composi- 
tion M 2 S0 4 . FeS0 4 . 6 H.,0 separate out. 

Ferrous salts in presence of oxidising agents, such as 
acidulated solutions of potassium permanganate aud po- 
tassium bichromate, are converted into ferric salts, and 
if the amount of the oxidising agent so used 'Is known, 
this reaction may be employed for estimating the iron 
present. Conversely, a solution of ferrous sulphate or 
of the double s ilt ferrous ammonium sulphate, of known 
strength,, may, be employed* for estimating the amount of 
an oxidising agent present. For volumetric work ferrous 
ammonium sulphate is preferable to ferrous sulphate, as 
the former is much less readily oxidised by air. 

A cold concentrated solution of ferrous sulphate dis- 
solves nitric oxide forming 2 (FeSOJ .NO, and the dark 
brown ring observed in testing for the presence of nitric 
acid (§ 194) is due to the presence of this body. 

When heated in closed vessels ferrous sulphate decom- 
poses, giving 44 Nordhausen ” sulphuric acid (H 2 S 2 0 7 ), and 
leaving a residue of red ferric oxide. 

Ferrous Ammonium Sulphate, (NH 4 ) 2 S0 4 .FeS0 4 .6 H 2 0, 
is formed as above described when concentrated solutions of 
ferrous sulphate and ammonium sulphate are mixed and 
the resulting solution allowed to crystallise. It forms 
greenish-blue crystals, which are very stable in air. This 
substance contains exactly one-seventh of its weight of iron, 
and is touch employed, as already stated, m volumetric 
analysis. ^ 

447, Ferrio Sulphate, Fe 2 (S0 4 ) 3 . — When ferrous sul- 
phate is exposed to moist air it is slowly transformed 



IRON. 


465 


into ferric sulphate, and this change (see above) io effected 
more rapidly involution in presence of oxidising agents 
such as chlorine and nitric acid. Ferric sulphate is 
formed directly by dissolving ferric oxide (Fe 2 0 3 ) in sul- 
phuric acid*. 

Iron Alums. — In combination with alkaline sulphates 
ferric sulphate forms alums which crystallise in the same 
form as ordinary alum ; thus iron ammonium alum has the 
composition (NI4 1 ). J S0 4 .Fe.,(S0 4 ) 3 .24H 2 0, and differs from 
ordinary ammonia alum, (IHI 4 )2804.A1 2 (S0 j). > . 24 H 2 0, in 
the replacement of aluminium by iron. It forms octahedral 
crystals which have a violet tinge, and are readily soluble 
in water. 

Exp. 216 .— Prepare iron ammonium alum by mixing equivalent 
quantities of ferric sulphate and ammonium sulphate, and crystal- 
lising. 

The ferric sulphate is obtained by oxidising ferrous sulphate in 
presence of the required amount £f sulphuric acid, by means of 
nitric acid, evaporating nearly to dryness to drive off and 

then diluting with water. 


448. Ferrous Nitrate, Fe(N0 8 ) 2f and Ferric Nitrate; 
Fe,NOj)„ arc prepared by the action of nitric acid on 
iron, the ferrous salt being obtained when cold diluto nitric 
acid is employed, and the ferric salt when pxcess of concen- 
trated acid is added. 

The ferric nitrate obtained in this way, or the product 
obtained by the action of nitric acid on ferrous sulphate, 
is used as a mordant in dyeing. # 

449. Ferrous Carbonate, FeC0 3 , occurs, as already stated, 

as a mineral product, spathic iron ore. It is formed when 
an alkaline carbonate i9 added to a solutk/n of a ferrous 
salt. In this form it is very unstable and readily phrts 
with carbon dioxide ; the ferrous hydroxide thus produced 
then undergoes oxidation to ferric hydroxide, and the 
reddish-brown deposit which is found in chalybeate 
waters is no doubt formed from ferrous carbonate in 
this way. * 

8BN. CHKM 


HH * 
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QUESTIONS.— CHAPTER XXXI. 

1. Give the common names, chemical names and formulae 

of the naturally occurring compounds of iron, and 
indicate their importance as ores. 

2. Write an account of the preparation of pig iron. How 

is this transformed into (a) wrought iron, ( b ) steel P 

3. Describe the physical properties of w t rQught iron, cast 

iron, and steel. How is the purest commercial 
wrought iron obtained ? 

4. Prom a sample of piano-wire how would you prepare 

the several oxides of iron? Describe the appear- 
ance and chemical and physical properties of these 
bodies. . 4 

5. How is ferrous sulphide prepared ? Compare it with 

the disulphide. How do these substances behave 
towards heat and acids P 

6. Describe t^e preparation of the chlorides of iron in the 

anhydrous state, giving a sketch of the apparatus 
you would employ. How can the two chlorides be 
transformed the one into the other ? 

7. Describe a convenient method of preparing ferrous sul- 

phate in a state of purity. What happens to this 
substance (a) when left exposed to air, ( b ) when 
heated in^a closed vessel, (c) when warmed with 
nitric acid, ( d ) when nitric oxide is passed into a 
solution of the salt ? 

8. How would you prepare a sample of pure ferrous am- 

monium sulphate ?* Show that this substance 
contains just one-seventh its weight of iron. What 
use is made of the compound in analysis, and on 
what properties does this use depend ? 



CHAPTER XXXII. 

MODES. OF FORMATION OF SAITS. 


450. Many examples of the various ways in which salts 
are formed have been given in the foregoing pages. We 
shall now collect these methods together and classify 
them. 

ft 

451. Method 1. Direct Union of a Metal and a Non- 

Metal. — This method is largely employed for the produc- 
tion of the anhydrous salts of jthe halogen acids, since most 
metals unite directly with the halogens. When tie metal 
forms two salts, one containing a higher percentage of 
halogen than the other, it depends upon the relative masses 
•of the metal and the halogen which react, whether the 
higher or the lower salt is formed. Iron, for instance, 
yields ferric chloride (FeCl 3 ) with excess of chlorine ; but 
if the iron is in excess, femws chloride (FeCl 2 ) is 
formed — • 

2Fe + 3 Cl, = 2 FeCl r 

Fe + Ci = FeCl 2 . 

Similarly, tin yields stannic dhloride (SnCl 4 ) or stannous 
chloride (SnCLj), according as chlorine or the metal is in 
excess — ' 

Sn + 2 Cl 2 = SnCl 4 . 

Sn + Cl 2 = SnCL r ' 

The combination of mercury and iodine affords another 
example, or Hg^ being formed according as iodine 
or mercury li in excess. 

Many sulphides can also be readily obtained by the 
direct union of metals with sulphur (see Exps. 64, 147). # 

467 
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.452/ Method 2. Interaction of Metals and Acids. - 
When acids act on metals, a salt of tho metal is almost 
invariably obtained as one of the products. In some cases, 
e.g. when dilute hydrochloric, dilute sulphuric, or acetic 
acid acts on magnesium, zinc, or iron, hydrogen* is the only 
other product, and these reactions are used in tho prepara- 
tion of hydrogen, as we have seen. In other cases the 
reactions are more complex, and these have been fully dis- 
cussed in the foregoing chapters. r . 

The action of a haloid acid on a metal always results in 
the formation of its lower salt when it forms more than 
one. Thus, with hydrochloric acid, iron forms ferrous 
chloride, FeCl 2 , and with tin it forms stannous chloride, 
SnCLj. We should expect this because the nascent hydro- 
gen which is liberated in the reaction is a strong reducing 
agent, and would immediately reduce the higher salt if 
any were formed. 

When the acid is a strong oxidising agent, e.g. nitric 
acid, the nascent hydrogen which may be supposed to be 
liberated at first iB immediately oxidised to water, and it 
depends upon the relative masses of the metal and the acid 
whether the lower or the higher salt is formed. This may 
be illustrated by the following experiments : — 

Exp. 217 . — Warm a small quantity of mercury with excess of 
nitrio aoid till tho njetal has dissolved. Now add hydrochloric acid 
to the solution ; no precipitate will be formed, proving the absenco 
of any mercurous nitrate (whioh with hydrochloric acid would form 
a white precipitate of mercurous chloride). The mercury has been 
entirely converted into mercuric nitrate. 

• 

Exp. 218 . — Next allow some mercury to remain in contact with 
about half its volume of dilute nitric acid for some time. Pour off tho 
supernatant liquid from the mercury and add hydrochloric acid ; a 
white precipitate is at once formed, showing that when the mercury 
is in exoeBS of the acid, it is converted into mercurows nitrate. 

c 

Salts of the haloid acids may be obtained by acting on a 
metal with either the gaseous acid or itB aqueous solution ; 
if the anhydrous salt is required, only the former method 
can be employed in many cases, because, on evaporating 
tjie aqueous solution of the salt to dryness and igniting to 
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drive o£E water, tlie salt and the water react on each other 
with formation .of the halogen acid and the oxide of the 
metal. Ferric chloride, for instance, is decomposed by 
water on evaporation to dryness and igniting, with for- 
mation of ferric oxide and hydrogen chloride — 

2FeCl 3 + 3H. 2 0 = Fe 2 0 3 + 6HC1. 

Exp. 219 . — Evaporate some ferric chloride solution to dryness and 
ignite. Notice the evolution of acid fumes (hydrogen chloride). 
When these cease to come off allow the residue to cool, and then 
try to dissolvo it in water r it is insoluble (whereas ferric chloride is 
soluble). 

453. Method 3. Interaction of a Metal with a Salt of 
another Metal. — In general one metal will displace another 
from its salts when the oxide of the former is more 
strongly basic than that of the latter, i.e. the oxide reacts 
more readily with acids. Tliqp iron displaces copper from 
a solution of copper sulphate (as we saw iji Exp* 1), and 
zinc displaces silver from a solution of silver nitrate— 

Fe + CuS0 4 = Cu + FeS0 4 . 

Zn + 2AgN0 3 = 2Ag + Zn(N0 3 ) a . 

454. * Method 4. Direct Union of a Basic Oxide and an 
Acidic Oxide. — Many basic oxides combine directly with 
acidic oxides to form salts. For example, when barium 
oxide, BaO, and sulphur trioxide, S0 8 , are mixed together 
they combine to form barium sulphate with such energy 
that the mass becomes red-hot— 

BaO + SO* = BaS0 4 . 

Again, quicklime and carbon dioxide readijy unite to form 
calcium carbonate — 

CaO + CO a = CaCO a . 

455. Meth6d 5. Interaction of Bases and Acids. — This 

is the most general method. It has been fully discussed 
and illustrated in the foregoing chapters. • 
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456. Method 6. Interaction of an Acid with a Salt 
of a Weak Acid. — The chief examples of this method 
consist of the preparation of salts by the action of acids 
on carbonates . 

Exp. 220. — Add chalk, a little at a time, to Borne dilute nitrio 
acid contained in a beaker till the further addition ceases to cause 
effervescence. Filter and evaporate the filtrate to dryness in a 
porcelain dish. The white residue is calcium nitrate. 

CaCO, + 2HN0 3 - Ca(N0 3 ) 2 + H 2 0 + CO a . 

457. Method 7. Interaction of an Acid with a Salt of 
a more Volatile Acid. — An example of this method is the 
conversion of a nitrate into a sulphate by heating with 
strong sulphuric acid. The volatile nitric acid* is driven 
off, leaving the salt of the much less volatile sulphuric acid 
behind. 

Thus when potassium nitrate is gently heated with sul- 
phuric acid, potassium hydrogen sulphate is formed — 

1 KN0 8 + H a S0 4 = KHS0 4 + HN0 3 . 

Another example is the conversion of sodium chloride 
into the sulphates of sodium. (See § 351.) 

458. Method 8. Interaction of a Base with a Salt of 
a more Volatile f Base. — When caustic potash or soda is 
heated with an ammonium salt, the volatile base, ammonia, 
is driven off and the corresponding potassium salt re- 
mains — 

2KOH + (NH 4 ) 2 S0 4 = K 2 S0 4 + 2NH 3 + 2H a O. 

459. Method 9. Interaction of a Base with a Salt of an 
Insoluble Base % — The majority of the hydroxides of the 
metals are insoluble in water. If, then, a solution of a 
soluble base such as caustic potash or soda is added to a 
salt of a metal which forms an insoluble hydroxide, double 
decomposition takes place with precipitation of the in- 
soluble hydroxide and formation of a salt of potassium or 
sodium ; for it is observed that, when an insoluble substance 
ban be formed by double decomposition , that substance is 
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usually formed. For example, on adding caustic po'tash to 
a solution of copper sulphate, CuS0 4 , cupric hydroxide, 
Cu(OH) 2 , is precipitated, and potassium sulphate, K a S0 4l 
goes into solution — 

2KOH + CuS0 4 = Cu(OIl) 3 + K 3 S0 4 . 

The cupric hydroxide can be separated from the potas- 
sium sulphate filtration. 

460. Method 10. Interaction of Two Salts. — Kepresent- 
ing the double decomposition between two salts by the 
equation — 

A + 13 = C + D f 

this method of preparation can be used for a salt, C, when 
that salt is less soluble or more volatile than A, B, or D. 
For example, silver chloride, AgCl, is insoluble in water, 
whereas silver nitrate, AgN0 3 , potassium chloride, KG1, 
and potassium nitrate, KNO a , are all soluble. can 

therefore prepare silver chlorido by mixing solutions of 
silver nitrate and potassium chloride ; silver chloride is 
* precipitated and may be separated from the soluble salts by 
filtration — 

AgN0 3 + KC1 = AgCl + KNOj. 

Again, mercuric chloride, HgCL, is volafile, whilst sodium 
chloride, sodium sulphate, Na,S0 4 , and mercuric sulphate, 
HgS0 4 , are non-volatile. If, therefore, a mixture of mer- 
curic sulphate and sodium chloride is heated together, 
double decomposition takes place and mercuric chloride 
passes away as vapour, gondensing again on a cool 
surface. 

HgS0 4 + 2NaCl = HgCL, + Na.SO,. 

• 

461. Method 11. Interaction of Two Bases. — A few 
bases, notably the oxides and hydroxides of zinc, tin, and 
aluminium, are soluble in caustic potash or caustic soda 
solution with formation of salts. The explanation is that, 
in the presence of a strong base, such as caustic potash, ja 
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substance which generally acts as a weak base may act as 
a weak acid. The following equations represent the for- 
mation of salts in this manner : — 

2KOH + Zn(OII) 2 = K 2 Zn0 2 + 2H 2 0. 

Potassium ziueato 

(in solution only) 

2NaOH + ALA = 2NaA10 2 + H 2 0. 

Sodium alum mate 

2KOH + SnO a = K 4 Sn0 3 ‘ -' r H,0. 

Potassium starmato 

462. Method 12. Interaction of Metals with Bases. — 

A few metals are soluble in potash solution with evolution 
of hydrogen, more especially zinc and aluminium. The 
salts obtained are the same as those produced* when tho 
oxides or hydroxides of the metals are used instead of tho 
metals themselves, as in the preceding method : thus when 
aluminium is dissolved potassium aluminate is formed — 

,A1< +2K0H + 2H 2 0 :r. 2KA10, + 3KL 

Potassium aluminate 

Most metals are attacked slowly by fused potash, silver • 
being the most resistant. 

Of the twelve methods enumerated, the 1st, 2nd, 5th, 
6th, and 9th are far the most important. 


QUESTIONS. — CHAPTER XXXII. 

1. Discuss the effect of mass on the nature of the products 

obtained by the action on metals of (1) the halogens, 
(2) nitric acid. 

2. \Jfhy would you expect to get only the lower salt when 

a haloid acid acts on a metal which can give rise to 
two series of salts ? 

3. Why cannot anhydrous ferric chloride be .obtained by 

evaporating the aqueous solution of the salt to dry- 
ness ? How is the anhydrous salt obtained ? 
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4. Express by equations the action of (1) barium mon- 

oxide oi\ sulphur trioxide, (2) zinc on silver nitrate, 
(3) caustic potash on ammonium sulphate, (4) caus- 
tic soda on zinc hydroxide. 

5. Under what -conditions can a salt be conveniently 

prepared by the interaction of two other salts ? 

6. Give examples of the formation of salts from (1) two 

bases, (2) a metal and a base. 



Section IV-CHEMICAL CALCU- 
LATIONS. 


CHAPTER XXXIII. 

CHEMICAL CALCULATIONS. 


463. The Relations between Weight and AJ°l ume °* 
Oases. — From Avogadro’s hypothesis it follows at once 
that the densities of gases are proportional to their mole- 
cular weights. In order to express the weight of any gas 
it is convenient to remember as the basis of calculation 
that ). liire of hydrogen at the standard temperature (0° G.) 
and pressure (760 mm. of mercury) weighs 0*09 gramme , or 
that 11*11 litres of hydrogen weigh one gramme. 

If then we desire to ascertain the weight of any other- 
gas under like conditions, we commence by expressing in 
chemical symbols the molecule of the gas thus — 


The mol 


cul6 of hydrogen is expressed by 1I 2 (2) 

, nitrogen ,, N„ (28 


oxygen „ 0 2 (32) 

chlorige „ Cl 2 (71) 

ozone „ 0 3 (48) 

phosphorus „ P 4 (124) 

water vapour „ H 2 0(18) 

hydrochloric acid „ II Cl (36*5) 

carbon dioxide „ C0 2 (44) 

nitric oxide ,, NO (30) 


M 

II 


sulphide dioxide 
sulphuretted] 

hydrogen / 


S0 2 (64) 
H 2 S (34) 



ammonia 


NH„(17) 
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The relative weights are, then, those stated in parenthesis 
after the symbol in the above list, as derived from the 
respective atomic weights. 

Thus the weight of a litre of nitrogen is 14 times that of 
a litre of hydrogen or (0 09 x 14) grammes ; a litre of 
carbon dioxide weighs (0*09 x 22) grammes ; a litre of sul- 
phuretted hydrogen weighs (0 09 v 17) grammes. 

The alternative method of expressing the same facts is 
perhaps more readily applied in chemical calculations, viz. 
that 11*11 litres of hydrogen weigh 1 gramme or 22 22 litres 
of hydrogen weigh 2 grammes, the same number of grammes 
as that used for expressing the molecular weight. In this 
form the statement is quite general, that the molecular 
weight being ra, 22*22 litres of any gas whatever weigh m 
grammes. 

22-22 litres of nitrogen weigh 28 grammes. 

22-22 „ „ oxygen # „ 32 

22-22 „ „ chlorine „ 71* „• 

22*22 ,, ,, sulphur dioxide 64 

22-22 „ „ ammonia „ 17 „ 

It is convenient to remember both forms of the expres- 
sion, as one or the other is more readily adapted for the 
purpose of calculation according to the terms which are 
given. For instance, if it be desired to calculate the weight 
of a certain volume of a gas, the former expression lends 
itself more readily for the purpose — as in the following 
example : — 

(1) Required the weight of 100 c.c. of carbon dioxide at 
0 W C. and 760 mm. pressure— 

1,000 c.c. (1 litre) of hydrogen weigh 0 09 grammes. 
„ „ carbon dioxide „ • 1 -98 „ 

100 cubic centimetres of „ „ ,, 0*198 * 

Should the weight of the gas be given, and its volume is 
to be determined, the second form of expression is more 
easily applied. 

(2) Required the volume occupied by 0 5 gramme of 

ammonia at 0° O. and 7 60 mm. pressure — # 
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17 grammes of ammonia occupy 
1 gramme ,, occupies 


22*22 litres. 
1*307 „ 
0*635 


It is useful also to bear in mind that air is 14*435 times 
as heavy as hydrogen, since frequently the densities of 
vapours as actually determined by experiment are stated in 
terms of air as unit. 

Thus the density of sulphur dioxide is found by experi- 
ment to be 1*53, air being the unit. 

The density compared with hydrogen is therefore 1*53 x 
14*435, or 22*1, a value agreeing well with that deduced 
from the accepted composition of this gas. 


464. Correction for Temperature and Pressure. — We 
shall first consider the influence of variations of temperature 
on the volume of a gas, and consequently on the weight of 
a given volume. 

We have seen (Chap. VIIF.) that a gas at 0° C. expands 
273 of it&woluihe for each increment of one degree Centh 
grade in temperature. The more general form of expression , 
viz. that the volume of the gas is proportional to the abso- 
lute temperature (see §48), \sill bo found the most useful, 
as a few examples will show. In order to make the ealeu 
lation it is, in the first place, necessary to convert the tern 
peratures as ordinarily stated into absolute temperatures. 

(3) A litre of gas is measured at 0 ° C. ; what volume 
will it occupy at - 20 ° C., and what at 50° C. ] 


0 ° C. = 273° absolute. 
- 20 ° C. = 253° 

+ 50° 0. = 323° 

% 

Volume required is at - 20° C. 1 litre x 
•„ „ „ +50°C. 1 litre x 


253 

273 

323 

273 


= 926*8 c.c. 
= 1183*2 c.c. 


(4) The volume of a gas measured at 10° C. is found to 
be 150 c.c. ; what volume would it occupy at «the standard 
temperature ( 0 ° C .)1 
c 10 ° C. = 283° absolute. 
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Volume required is at 0° C. 150 x — — - = 144*7 c.c. 

. 2o3 

(5) The volume of a gas measured at 15° C. is found to 
bo 250 c.c. ; what volume would it occupy at - 15° C. and 
at 57° C. respectively } 

15° C. = 288° absolute. 

- 15° C. - 258° 

. + 57° C. = 330° 

258 

Volume required at - 15°C. == 250 x = 224*0 c.c. 

„ „ „ + 57° <J. = 253 x 286-5 c.c. 

And no’¥ let us consider the effect of variation in pressure. 
According to Boyle’s Law (see § 40), the volume of a gas is 
inversely proportional to the pressure to which it is sub- 
jected when the temperature is constant. 

(6) A gas measured at standard atmospheric, pressure 
(7 GO mm.) is found to occupy 1*5 litres ; what volume* will 
it occupy at 1,000 mm. and at 100 mm. pressure 1 ? 

760 

Required volume at 1,000 mm. is 1,500 x "J'qqq = 1,140 c.c. 

„• • „ „ 100 mm. is 1,500 x =11,400 c.c. 

(7) The volume of a gas at 500 mm. pressure is found to 
bo 250 c.c. ; what would it measure under 5 atmospheres 
pressure 1 

5 atmospheres = (760 x 5) mm. = 3,800 mm. 

• 5Q0 

Required volume at 5 atmos. = 250 x « 32*9 c.c. 


Finally, an example is given of the allowance for Both 
temperature and pressure in the same expression. 

(8) A gas occupies 190 c.c. at 13° C. and 740 mm. pres- 
sure ; what volume would it occupy at standard temperature 
and pressure (0° C. and 760 mm.), and what at - 130° C. 
and 780 mm. pressure} 
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13° C. = 286° absolute. 

0° C. = 273° 

Volume at 0°C. and 760 mm. = 190 x = 1 76 '6 c.c. 

286 x 760 

- 130° C. = 143 absolute. 

143 x 740 

Volume at - 130° C. and 780 mm. = 190 x 28 6 x 780 c * c ’ 

= 90T < c.c. 

4G5. The Relation between Weight and Volume of 
Liquids. — Tho specific gravity of liquids is expressed in 
terms of pure water at 1 5° C. as unit. The following table 
shows that the specific gravity of water varies at different 
temperatures, water at 4° being taken as 1 : — « 

Specific gravity of water at 0° = O' 99 987 
„ „ „ 2° » 0-99997 

„ „ 4° = 1-00000 

' „ - ,. „ 10° =* 0-99975 

„ „ „ 15° - 0-99916 

„ „ „ 20° - 0-99826 

„ „ „ 25° = 0-99712 

In ascertaining the density of a liquid by comparison 
with water it is more convenient to make the determination 
at ordinary temperatures, and hence it is usual to adopt 
the specific gravity of water at 15° C. as the basis of com- 
parison. 

When we say that the specific gravity of a liquid is 1*8 
we mean that it is heavier than water in the proportion 
1 *8 : 1 ; if therefore 1 c.c. of water weighs 1 gramme, 1 c.c. 
of such a liquid will weigh T8 grammes.* The following 
examples will show how specific gravity of liquids enters 
into chemical problems. 

* This is not strictly accurate, since the gramme is the weight of 
1 c.c. of water at 4° C. The correction, however, is only made in 
case a very exact expression is desired, and for ordinary purposes it 
iB omitted. In any case the actual weight may be obtained by 
» multiplying the result by 0 99916. 



Oil KM I CAL CALCULATIONS. 


479. 


(9) What is the weight of 100 e.c. of sulphuric acid. of 
sp. gr. 1 *84 ? 


100 c.c. of water 


sulphuric acid of the) 
density given J 


weighs 100 grammes. 


184 


(10) Hydrochloric acid of sp. gr. 1*112 contains 21 per 
cent, by weight of gaseous hydrochloric acid ; find the 
volume of hydrochloric acid gas in 10 c c. of such acid. 

By the method used in the previous problem 10 c.c. of 
hydrochloric acid will weigh 11*12 grammes. 

11*12 x 21 

jqq — - = 2*3352 grammes, the weight of gaseous 

hydrochloric acid contained in it. 

36*5 grammes of HC1. occupy 22*22 litres; 

O ooro 22*22 x 2*3352,.. 

2*3352 grammes occupy-*- litres 

= 1*421 litres. 


• 406. The Relation between Weight and Volume of Solids, 

like that of liquids, is expressed in terms of water as unit. 
Thus, diamond is 3*5 times as heavy as water, and its sp'. gr. 
is 3*5 ; the sp. gr. of graphite is 2*2, of mercury 13 6. 

The weight of thepe bodies that occupy the same volume 
as 1 gramme of water (that is, 1 c.c.) is 3*5, 2*2, and 13*6 
grain mes respectively. 

This relation is seldom necessary in chemical calculations. 

467. Calculation of the Perpentage Composition of a Body. 
— When the chemical composition of a body is expressed 
by symbols, the proportions of the respective elements con- 
tained in it are the weights of the elements as determined 
from the table of atomic weights. 

HC1 indicates a compound formed by the union of 1 part 
by weight of hydrogen with 35*5 parts by weight of 
chlorine. 
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HjO indicates a compound formed by the union of 2 parts 
by weight of hydrogen with 16 parts by weight of 
oxygen. 

CO, 2 indicates a compound formed by the union of 12 parts 
by weight of carbon with 32 ( i.e . 2 x 16) parts by 
weight of oxygen. 

P 2 0 6 indicates a compound formed by the union of 62 (i.e. 
2 x 31) parts by weight of phosphorus with 80 (i.e. 
5 x 16) parts by weight of oxygen. ' 

II 8 P0 4 indicates a compound formed by the union of 3 
parts by weight of hydrogen, 31 parts by weight of 
phosphorus, and 64 (i.e. 4 x 16) parts by weight of 
oxygen. 

36*5 parts by weight of HC1 contain 1 pt. of H and 35 5 pts. of Cl. 
18 „ ,, H 2 0 „ 2 pts. HandlG ,, ,, (). 

44 „ „ C0 2 „ 12 „ C and 32 „ „ 0. 

142 „ ,, P 2 0 5 » 62 „ P and 80 „ „ O. 

98 „ „ H 3 P0 4 Vj 3 „ H, 31 of P and 64 of 0. 

C 4 

* 

The percentage composition is merely the statement of the 
relative weights of each of the constituents in 100 parts of 
the compound. 

Thus, if 18 parts by weight of water contain 2 parts 
of hydrogen and 16 parts of oxygen, then 100 parts of 
water will contain — 

2 x 100 . {T r . <»i ii 

__ parts of H, i. e. 11*11 ; 

18 

and l 6 * 100 „ „ O, i.e. 88 88; 

18 

and this represents the percentage composition of water. 

(\1) Find tfie percentage composition of potassium 
chlorate, KCIO, — 

K = 39-1 

Cl = 35-5 

O. = 480 

12^-6 
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Percentage 


0* 


(12) Find the percentage amount of water of crystallisa- 
tion in FeS0 4 , 7H 2 0. 

Fe = 56 
S = 32 
0 4 = 64 
711,0 =126 
278 

278 parts of FeSO, , 711,0 contain 126 parts of water. 

4. . . *126 x 100 voo- 1 

Percentage of water = . — „ ■ - = 45-62. -/ 

27 8 

468. Determination of the Formula of a Substance. 
—The question which even more frequently arises in 
practice is the converse one, the determination of the 
formula* of a substance from the results of analysis of the 
substance. 

Suppose a compound of three elements, A, B, and C, 
contains p per cent, of the element A by weight, q per 
cent.* of B, and r per cent, of 0. Let A* B„ C* represent 
the formula of the compound, x, \j , and z being the relative 
numbers of atoms of A, B, and C respectively. Then if 
a, b t and c denote the atomic weights of the elements A, 
B, and C, we shall have ax parts by weight of A, by parts 
of B, and cz parts of C. But the given percentage com- 
position shows that these parts by weight are in the ratio 
p : q : r; therefore — 

ax : by : cz p : q : r; 



1 1 


amount of K = 


01 = 


301 x 100 
122 6 

3£W) x 100 

1226 

48 x 100 


O = - - 

122*6 


= 31-89 

= 28-95 

= 3916 

10000 * 


SEN. CHEM. 
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Hence, if we divide the percentage amount of each element 
by the atomic weight of the element, and. reduce the ratio 
of the numbers so obtained to its simplest form, we obtain 
the ratio x : y : z in its simplest form. 

(13) For example, supposo the percentage composition 
of a body as deduced from analysis is — 

Sulphur = 237 per cent. 

Oxygen = 237 „ ,„ , 

Chlorine = 52*6 „ „ 

Io(H) 

Dividing the percentage of each element by its atomic 
weight we have — 

S = 32. -jjj = 074. 

O A 

o = 16. = 1 48. 

‘ 16 

Cl = 35 5. *?.'f = 148. 

355 


Dividing the numbers so obtained by their highest 
common factor*- — which is obviously 074 — we obtain the 
relative number of atoms of each element in whole 
numbers. 


074 _ , 
074 
F48 _ 
f 074 


Cl. 


1*48 q 

074 “ L 


The simplest formula for the compound is therefore — 

' S^Cl, or S0 2 C1*. 

This, then, is the empirical formula as deduced solely 
from the consideration of the results of the analysis. It 
is quite consistent with such a calculation that the formula 


The highest oommon faofcor oan generally be seen by inspection. 
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should be S 2 0 3 C1 4 , or S.,0 6 Cl c , or any such multiple. 
Which of these is to be finally accepted can only be de- 
cided after a determination of the vapour density of the 
body, or of its chemical constitution and character, and 
this would *be 'the molecular formula of the body. 

In the case under consideration the vapour density of 
the compound is 67*5, corresponding to a molecular Weight 
of 67 5 x 2 or 135. 

Now — • • 

SOXJL = 32 + 2 x 16 + 2 x 35 5 
* = 135. 

The molecular formula for the compound is therefore the 
same as its empirical formula, i.e. SO .Cl^ 

(14) Fimd the formula of a substance having the com- 
position — 

Mg — 9* 70 

S= 1301 

*0= 2(501. 

Water of crystallisation = SI ‘22 

10000 


Hero we proceed as before, except that the relative 
number of molecules of water of crystallisation is found 
by dividing by the molecular weight of water — 


S. 


976 

24 

130 1 

32 


= 0-406. * 
= 0-406. 


O. - ( - = 1-626. 

16* 

HjO. -jg 2 = 2-846, . 


Dividing by the lowest number we have — 1 


Mg. 


S. 


0-406 , 

0 ; 406 
0-406 _ . 
0-406 
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1-626 , 
(F406 = 4 - 


h 2 o. 


2 8 16 
0 400 


The simplest formula for the compound is therefore — 
MgS0 4 , 7H, 0. 


469. Application to Chemical Problems. — We have 
now considered the fundamental calculations which enter 
into chemical problems, and a few examples will be given 
to show how these bear upon questions involving chemical 
decomposition and interchange. 

(15) What weight of caustic soda (NaOH) will be 
needed to just neutralise 10 c.c. of dilute sulphuric acid 
(sp. gr. 1*155) containing 21 per cent, of H 2 S0 4 ? 

In all cases where a chemical reaction is concerned, in- 
volving considerations of weight or volume, it is well to state 
the reaction ix. the form of an equation at the outset — 
*2NaOH + I^SO, = Na 2 S0 4 + 211,0. 

Sodium sulphat-e 


From this we see that 2NaOII neutralise H. 2 S0 4 , the 
respective weight relations belug — 

2 (23 + 16 + 1) and (2 + 32 + 64) or 80 : 94. 

80 parts by weight of caustic soda serve to neutralise 98 
parts by weight of sulphuric acid. 

Now determine the actual weight of sulphuric acid that 
is to be neutralised — 


10 c.c. of the dilute sulphuric acid (sp. gr. 1*155) weigh 
11*55 grams. 

21 per cent, of this is H 2 S0 4 , i.e. ~~ ~ = 2*426 grains. 

Required amount of caustic soda is — 


2*426 x 80 
98 


grams, or 1*98 grams. 


(16) What volume of oxygen collected at standard 
temperature and pressure (0° and 760 mm.) is given off 
<-on heating 10 grams of mercuric oxide P 
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The equation representing the action of heat on mercuric 
oxide is — 

2HgO = 2Hg + 0 2 . 


First determine the weight of oxygen from the above 
equation, which shows that 432 parts of mercuric oxide 
yield 32 parts of oxygen, or, in simpler numbers, 27 parts 
yield 2 parts of oxygen. 


10 grams.tberefore yield 


2__X 10 
27 


or 0*74 gram. 


Now 32 grams of oxygen occupy at standard temperature 
and pressure 22 22 litres, and the volume of oxygen corre- 
sponding to this weight is — 


074 x 22*22 
1 32 


514 cubic centimetres. 


(17) What weight of sulphur must be burnt so .as to 
yiold 1 litre of sulphur dioxide at standard temperature 
and pressure ? • 

s + o a = so 2 . • • . 

Here we start from a known volume of gas and must 
work back to the weight in terms of which the result is to 
be expressed. 

22 22 litres of S0 2 weigh 64 grams. 

64 

1 litre of S0 2 weighs — — or 2 §f)9 grams. 

• 2222 

Also 64 grams of S0 2 contain 32 grams of S, 

* .*. 2-869 „ S0 2 „ 1*4345 „ S. 

1*4345 grains of sulphur will therefore be required to pro- 
duce 1 litre of S0 2 . 

Such a calculation may, however, be shortened by the 
consideration that as 32 grams of sulplijir, according to 
the equation, yield 64 grams or 22*22 litres of S0 2 , • 

32 

~ grams will yield 1 litre of S0 2 . • 

The next -example will be rendered more complex by 
introducing conditions of temperature and pressure differ- 
ing from the standard. No further difficulty is really 
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involves, except that the correction for temperature and 
pressure must be made. 

(18) 2-| litres of nitrous oxide have been collected at 
39° G. and 741 mm. pressure ; what weight of ammonium 
nitrate has been decomposed in order to supply ’the gas ? 

First eliminate the irregularity introduced by the tem- 
perature and pressure, by determining what volume the 
gas would have occupied had it been collected at standard 
temperature and pressure. This will be—* - 
2*5 x 273 x 741 r , 01QQr , 

— 312 xW htre8 ’ ° r 2 133 htrP8 ' 

Now according to the equation — 

NH 1 N0 3 = N 2 0 + 2H 2 0, 

Ammonium nitrate Nitrous oxide *' 


80 grams of ammonium nitrate yield 44 grams (or 22 22 
litres) of nitrous oxide, and hence 


80 x 2133 
f 22*22 « 


grams, or V*681 grams, of ammonium 


nitrate have been decomposed. 

(19) One gram of water is (a) converted into steam at 
100° G., ( b ) decomposed by means of sodium and the 
hydrogen collected at 13° C. ; what volume will each 
occupy, the barometer at the time standing at 750 mm. ? 

First, let us consider the case of the steam. This being 
water vapour has, at standard temperature and pressure, a 
density such that, as previously shown, 

18 grams is the weight of 22*22 litres. 


Thus 1 gram occupies 


22*22 

18 


or 1*234 litres. 


At 100° C. and 750 mm. pressure this occupies — 


1*234 x 373 x 760 
273 x 750 


= 1*71 litres. 


'Secondly, as to the hydrogen, the decomposition is repre- 
presented by the equation — 

2Na + 2H 2 0 = 2NaOH + H 2 ; ’ 
from which we see that 36 grams of water yield 2 grains of 
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hydrogen, and therefore 1 gram of water yields ^ gramof 
hydrogen. 

The volume of hydrogen at standard temperature and 


pressure i$ tl^us 


1 Ml 
‘18 


or O’ 62 litre. 


Corrected so as to 


represent the volume at 13° C. and 750 mm. pressure this 
becomes — 


0-62 x 286 x 760 
’"*'273 x 750 


~ 0‘ 658 litre. 


The whole of the more important elements entering into 
the treatment of chemical problems have now been discussed, 
and it only remains to add some examples in further illus- 
tration of their application to chemical reactions. 

(20) 10 grams, of mercury are heated with excess of 
concentrated sulphuric acid and the sulphur dioxide formed 
is collected at 15° C. and 765 mm. pressure; what volume 
does it occupy ? • 

Here, as in most cases, it is best to commence foy a # state- 
ment of the reaction which takes place. 


Hg + 2H 2 S0 4 = HgS0 4 + 2H,0 + SO r 

Mercuric sulphate ^ 

' 200 grams of mercury give 64 grams of SO ? , 
or 200 „ ,, „ 22*22 litres of S0 2 , 

10 „ • „ „ 1*111 „ „ 

at standard temperature and pressure. 

Volume at 15° C. and 765 njm. pressure is then 


1 111 x 288 X 760 
273 x 765* 


= 1*164 litre. 


(21) 25 c.c. of marsh gas (CH 4 ) are mixed with 500 c.c. 
of air and exploded in a eudiometer; what volume of gas 
should there be (a) before the removal of the carbon dioxide 
formed, ( b ) after the absorption of the carbon dioxide*by 
means of caustic potash ? The temperature and pressure 
may be assumed to be the same when each of the readings 
of volume were taken. 
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.The Chemical reaction which takes place is 
CH 4 + 20, = CO, + 211,0, 

2 vol. 4 yoI. 2 vol. 

the nitrogen of the air taking no part in the combustion. 

It is further manifest on inspection that th6 2 Volumes of 
marsh gas and 4 volumes of oxygen, before explosion, give 
rise to 2 volumes of carbon dioxide, the space occupied by 
the water being negligible. 

Thus 6 volumes are reduced to 2, and the* diminution is 
4 volumes. 

But the marsh gas occupies 25 c.c., and is represented 
by 2 volumes. 

The diminution in volume is therefore 50 c.c., and the 
525 c.c. of mixed gases originally present in the eudiometer 
have been reduced to 475 c.c. 

Similarly the carbon dioxide occupies the same volume 
as the marsh gas from which it was obtained, and is thus 
25 c.c., and if this be remove^ there will remain 450 c.c. of 
gas in the eudiometer. The result is that the residual gas — 
(a) before removal of CO, is 475 c.c, 

(5) after „ „ „ 450 c.c. 

(22) 10 c.c. of liquid carbon bisulphide (sp. gr. 2 63) 
are burnt in oxygen ; find the volume of the resulting gases 
measured at standard temperature and pressure. 

We must first |iscertain the weight of the carbon bisul- 
phide. Its sp. gr. being 2 63, the 10*c.c. will weigh 26 3 
grams. 

The chemical change during combustion is represented 
in the equation — • 

CS 2 + 30 2 = C0 2 + 2S0 2 . 

76 grams of CS 2 yield 44 grams or 22’22 litres C0 2 . 

ft „ tt tt 128 „ „ 44'44 „ S0 2 . 

„ 66‘66 litres of C0 2 and SO, 

together. 

263 grams of CS, yield = 23 08 litres. 

(23) Considering air as a mixture of 79 per cent, by 
volume of nitrogen with 21 per cent, by volume of oxygen 
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(i.e. neglecting argon), find the density of air compared 
with hydrogen. Also find the density of the vapour of 
carbon bisulphide compared with air. 

79 vol. of nitrogen are as heavy as 79 y 14, or 1,106 vol. 

of h: • 

21 vol. of oxygen are as heavy as 21 X 16, or 336 vol. 

of h. ; 

100 vol. of air ^re as heavy as ... ... ... 1,442 vol. 

of H. 


Density of air is 14*42. * 

Density of the vapour of bisulphide of carbon is 

or 38, compared with hydrogen. 

* . 38 

Compared with air it is therefore — - = 2*G35. 

1442 


12 + 64 


QUESTIONS.— CHAPTER XX'XIIi; * 

[N.B. — In the following calculations use the atomic 
weights in the table on p. 103.] 

1. The volume of a permanent gas at 0°C. is 3 litres; at 

what temperature would it occupy 4 litres, the pres- 
sure rei naming unaltered ? • 

2. Two samples of gas occupy the same volume, but one 

is at — 20° C., and the other at 20° C. ; what is their 
relative volume when hpth are at 0° C. ? 

3. The volume of a gas at 13° C. is 100 c.c. ; find its 

volume at — 130° C.,*at — 13° C., and at 130° C. 

4. A gas under standard atmospheric pressure measures 

209 c.c. ; what volume will it occupy under a pressure 
b 2 > and 5^ atmospheres respectively ? 

5. What volume will half a litre of gas measured 'at 

750 mm. pressure occupy when subjected to a pres- 
sure of 850 mm. of mercury ? 

* Actual density at normal composition is taken as 14*435. , 
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6. * A rectangular vessel 10 cm. long, 5 cm. wide, and 

3*5 cm. deep, is filled with gas at 100° 0. and 
770 mm. pressure ; what volume will the gas occupy 
at standard temperature and pressure ? 

7. A sample of gas is collected in a eudiomfttef, and it is 

found that the level of the mercury in the eudiometer 
is 2.57 mm. above that in the trough ; also the height 
of the barometer at the time is 745 mm. ; under 
what pressure is the gas ? * * 

8. A sample of gas is collected at standard temperature 

and pressure, and the pressure is then doubled and 
the temperature gradually raised until the volume of 
the gas is the same as it was originally ; at what 
temperature does this occur ? e 

9. Under how many atmospheres pressure will steam have 

the same density as water (1 c.c. weighs one gram), 
if the contraction takes place in accordance with 
Beyle’s law, and the temperature remains at 600° C. ? 

10. li the temperature remains at zero, at what pressure 

will hydrogen have a density equal to 0*62 of that of 
water ? 

11. Oxie cubic centimetre of bromine (density 3 2) is trans- 

formed into vapour at 78° C. ; determine the volume 
occupied by the vapour. 

12. The sp. gr. of pure nitric acid being 1522, find the 

weight of 100 c.c. of it, and the tolume that you 
must take to weigh 100 grams. 

13. What volume of such*acid will be required to just 

neutralise 100 grams of caustic potash (KOH), and 
what weight of potassium nitrate will be formed ? 

14. Calculate the percentage composition of calcium car- 
• bonate ; what percentage of carbon dioxide does it 

contain ? 

t' 

15. Chlorine forms with water a solid hydrate, having the 

composition Cl,, 81I 2 0 ; calculate the percentage of 
hydrogen, chlorine, and oxygen contained in this 
* body. 
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16. Find the empirical formula of a compound consisting 

of 46*66 per cent, of iron and 53* 33 per cent, of 
sulphur. 

17. An oj:idp of iron contains 72*3 per cent, of iron ; deter- 

mine its empirical formula. 

18. Determine tlie simplest formula for a salt having the 

following percentage composition: — 

* * Sodium, 29.36 
Phosphorus, 26 38 
Oxygen, 44*26 

ioooo 

19. A s^ution of caustic soda having the sp. gr. 1*32 con- 

tains 28*8 per cent, of NaOH; what weight of 
sulphuric acid is required to be just sufficient to 
neutralise a litre of such a solution ? 

20. What volume of sulphuretted hydrogen at.J3°C. and 

798 mm. pressuro is required to effect the complete 
precipitation of one gram of corrosive sublimate, 
HgCV 

21. What weight of pure antimony sulphide, Sb 2 S.,i should 

• yield a litre of sulphuretted hydrogen collected at 
10° C. and 760 mm. pressure ? ^ 

22. Determine the* volume of chlorine required to convert 

10 grams of phosphorus into the pentachloride. 

23. A gram of common sali is dissolved in water and 

excess of silver nitrate solution is added ; what weight 
of silver chloride should be precipitated ? 

24. Calculate (a) the volume, (b) the weight, of carbon 

dioxide in the air of a room 6 metres long, 4 jnetres 
wide and 3 metres high, if there is 1 volume of this 
gas present per 1,000 volumes of the air. • 

25. Dumas* determined the relative amounts of nitrogen 

and oxygen in air by passing it over heated copper. 
He found — 
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Weight of tube and copper before experiment, 1 20 grin. 

„ „ „ after „ , 121 15 „ 

„ globe when exhausted ... ... 852 „ 

„ „ and nitrogen ... ... 855*85 „ 

From these numbers calculate* the* percentage 
composition of air by weight, and deduce its per- 
centage composition by volume. 

26. Dumas determined the composition of 'vgat&r synthetic- 

ally by passing hydrogen over heated copper oxide, 
and found — 

Weight of tube and copper oxide before experiment, 334 '598 gnn. 
„ „ „ „ after „ 314-238 „ 

,, drying tubes before experiment 429-358 ,, 

» >, 99 after „ 44^263 „ 

Calculate the percentage composition of water by 
weight. 

27. Ten grams of steam ar^ passed over red-hot iron; 

what volume of hydrogen at 26° C. and 741 mm. 
■pressure will be obtained if one-third of the steam 
undergoes decomposit ion ? 

28. Fifteen cubic centimetres of ammonia are completely 

decomposed by electric sparks, and then 40 c.c. of 
oxygen are added and the mixed gases exploded; 
state the guises present and the volume of each 
(a) just before exploding, ( b ) after exploding. 

29. A mixture of ten litres of oxygen with one litre of 

carbon dioxide is shaken up with 100 c.c. of water ; 
determine the volume of each gas that will be dis- 
solved — the barometer 4 at the time standing at 
760 mm. and the thermometer at zero. 

30. M^lte the same determination with a mixture of one 

litre of oxygen and 10 litres of carbon dioxide. 

• 

31. A litre of sea- water (sp. gr. 1*03) is evaporated to 

dryness, and found to leave as residue *36*4 grams 
of salts ; find the percentage of solid matter in the 
sea-water. 
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32. Given that a metre is equivalent to 39'37 inches, calcu- 

late the number of cubic inches in a litre, and the 
number of litres in a cubic foot. 

33. Determine the percentage of carbon in cane-sugar 

and the volume of carbon dioxide that 
results from the combustion of 0*2 gram of sugar. 

34. A mixture of 20 c.c. of ethylene and 200 c.c. of* oxygen 

is exploded in a eudiometer ; what volume of gas 
remains after the explosion, and what volume when 
the carbon dioxide is subsequently removed by 
absorption with potash ? 

35. What quantity of crystallised oxalic acid (C 2 H 2 0 4 + 

211,0), heated with excess of sulphuric acid", will 
y4eld 5 litres of gas at standard temperature and 
pressure ? 

36. If 50 c.c. of sulphuretted hydrogen be mixed with 

excess of chlorine, wl^at volume of hydrogen chloride 
will be formed, and what weight sululiur liber- 
ated ? • 

37. A gram of a substance containing carbon is heated 

with lead monoxide, and found to form 10 grams 
of metallic lead ; what percentage of carbon was 
• present ? 

38. What weight of iron must be dissolved in dilute 

sulphuric aicid in order to yield sufficient hydrogen 
to till a balloon having a capacity of 100 cubic 
metres ? 

39. Ten grams of carbon ar8 burnt in 1,000 litres of air 

(taken as consisting of 79 vol. of N and 21 of O) 
at 15° C. and 700mfla. pressure ; find the percentage 
of nitrogen, oxygen, and carbon dioxido in the air 
after the combustion is complete* 



APPENDIX I. 

COPPER. 

470. Occurrence. — Copper is found as the metal in con- 
siderable quantity in the neighbourhood of Lake Superior, 
also in smaller amount in some other parts of the American 
continent, in Cornwall, and in Siberia and the Urlfl moun- 
tains ; as cuprous oxide , Cu 2 0, in the mineral cuprite it is 
found in Cornwall, South America, and Australia ; as 
cuprous sulphide , Cu 2 S, in copper glance, and associated 
with sulphide of iron in copper pyrites, Cu 2 S.Fe 2 S 3 ; as 
basic wrtibnate *n malachite, CuCO s .Cu(OH) 2 , and in 
azurite, 2 CuCO s .Cu(0]I) 2 . 

471. Metallurgy of Copper. — In practice, the process of 
extracti&n of copper is a very complex one, entailing a large 
number of operations. We shall describe first the chemical 
reactions involved, fv and then the essential operations by 
which metallic copper is ultimately obtained from a mix- 
ture of copper sulphides and oxidized oreh, such as are 
most commonly employed in this country. 

Chemical Reactions. — Copper possesses a greater affinity 
for sulphur and a smaller affinity for oxygen than the 
metals (notably iron) with which it is associated. 

(1) The ore is first moderately heated in a reducing 
atmosphere ; part v>f the sulphur and arsenic are oxidized, 
and pafcs off as sulphur dioxide and arsenic trioxide respec- 
tively. This operation is regulated so that the sulphur 
retained is sufficient to combine with the whole of the 
copper to form cuprous sulphide, Cu^S, the iron and part 
cof the copper being transformed into oxide. The charge 
is ^hen brought to fusion at a higher temperature, when 
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the ferrous oxide enters into combination with the. silica, 
either already contained in the ore or added to the charge, 
to form a slag of ferrous silicate. By repetition of the 
roastings and fusions the iron is ultimately removed. 

(ayCuoS + 3 0 = Cu a O + S0 2 

(5) Cu 3 0 + FeS = FeO + Cu 3 S 

(c) FeO + Si0 2 = FeSiO s < slag) 

(d) 2 JCu. 2 S + 3 0 3 = 2 Cu 2 0 + 2 S0 2 

(2) At a moderate temperature the cuprous sulphide is 
then partially oxidized, and the temperature is raised- so 
that the cuprous oxide formed may react with the sul- 
phide — 

• 2 Cup -I* CiioS = t> Cu -f- S0 2 . 

The remainder of the sulphur is thus eliminated and 
metallic copper obtained. Any sulphide of iron which 
still remains is also acted i^pon by the cuprous oxide as 
follows — • * 

3 CuP + FeS = 6 Cu + FeO + S0 2 . • 

(3) The refining. — The crude copper (“ blister copper”) 
is fused in an oxidizing atmosphere on the bed of the 
refining furnace and impurities, such as arsenic, srulphur, 
iron,' antimony, etc., still remaining are oxidized and 
skimmed off as a slag. Finally anthracite is sprinkled on 
the surface of the molten metal and agitation and admix- 
ture promoted* by stirring the mass with “green” poles 
of wood. In this way the reduction of any remaining 
cuprous oxide is effected and *par tides of slag are carried 
to the surface. 

On the Continent and in# America it is now very usual 
to calcine the ore to the oxide, and then effect the reduc- 
tion with coke in a form of blast furnace. 

• 

472. The Electrolytic Process. — This process, although 
sometimes applied for the purpose of obtaining copper 
from the “white metal,” or even from the ore, is usually 
only adopted for the removal of the impurities from crude 
copper resulting from metallurgical operations. Ingots of 
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copper are suspended in a tank or series of tanks contain- 
ing a solution of sulphate of copper to which sulphuric 
acid is added. These constitute the anodes, and the 
kathodes on which, during the passage of the current, the 
pure copper deposits consist of thin sheet copper. The 
impurities pass into solution with the exception of the 
silver and gold, which collect as a slime at the bottom of 
the tank. By this method therefore it is possible not 
only to obtain copper of a very high degree of purity 
(over 99 -8 per cent.), but also to recover the silver and 
gold. Ahout 60 per cent, of the total output of copper is 
now refined electrically. 

473. Properties of Metallic Copper. — The metal has a 
red colour by reflected light and in thin plates it transmits 
green light. Its specific gravity is 8 95 ; when heated and 
allowed to cool slowly it is brittle, but if cooled rapidly it 
is much softer and highly malleable and ductile. With the 
exception of silver, it is the noest conductor of heat and 
electricity known. It possesses considerable tenacity, but 
this falls off rapidly when it is heated; it melts at 
1080° C., and at very high temperatures it may even be 
distilled. Dry air is without action upon it, at ordinary 
temperatures, but in presence of moisture and carbon 
dioxide it becomes corroded and coated with a deposit of 
basic carbonate, commonly called verdigris. Hydrochloric 
and sulphuric acids have no action on copper in the cold if 
air is excluded ; the metal is, however, attacked by the hot 
concentrated acids, slowly in the case of hydrochloric acid 
and rapidly in that of sulphuric acid (p. 273). Nitric 
acid, whether dilute or concentrated, acts readily on copper 
even in the cold (p. 229). 

Alloy 8 . — With zinc it forms brass, and with tin, bell 
metal, gun metal, 1 speculum metal and bronze, the latter 
often don taming also zinc or lead. 

474. The Oxides and Hydroxide. — The lower oxide, 
cuprous oxide , Cu 2 0, occurs native as cuprite,, a mineral 

o which crystallizes in octahedra. It is also found amongst 
the products obtained in the extraction of copper in deep 
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red opaque masses. If to solutions of copper salts, potash 
be added (in presence of an alkaline tartrate, to prevent 
the precipitation of the hydroxide) and then a reducing 
agent such as grape sugar, a red precipitate of cuprous 
oxide is obtained on warming. This dissolves in ammonia, 
forming a colourless solution. 

Exp. 221. — Add to a solution of cuprio sulphate some Rochelle 
salt (sodium potassium tartrate), then potash, and finally grape 
sugar. Warm gewtly, and note the formation of a red precipitate. 
Decant ofF the liquid after settling, and add ammonia to the residue. 
Note what happens. 

The solutions of cuprous salts are in general colourless, 
but they are very unstable and rapidly absorb oxygen 
from the air and turn blue, owing to their transformation 
into cupric salts. 

Cupric Oxide, CuO, is a black oxide obtained by oxida- 
tion of the metal or by heating the hydroxide, carbonate 
or nitrate. At high temperatures it lo^s oxvgen and 
is converted into cuprous oxide or a lower oxide, €u s O. 
Hydrogen, carbon monoxide, or other reducing agents 
undergo oxidation in contact with heated cupric oxide, and 
it is therefore used in the analysis of organic substances, 
the carbon and hydrogen of which are converted into carbon 
dioxide and water respectively. Cupric oxide dissolves in 
molten glass, imparting a green colour to it, whilst 
cuprous oxide gives *it a ruby-red tint. 

The hydroxidk, Cu(OH) 2 , is obtained as a greenish 
bulky precipitate, when caustic potash is added to cupric 
salts in the cold. On boiling, ^)he precipitate turns black, 
since at moderate temperatures the hydroxide gives up 
water and is converted into the black cupric oxide. It 
dissolves in ammonia to a deep blue solution which has 
the property of dissolving cellulose (filter paper). ^ 

475. Cuprous Sulphide, Cu 2 S, is the “white metal” 
obtained in the metallurgy of copper j it may be prepared 
by exposing finely-divided copper or copper foil to sulphur 
vapour. It is also obtained when cupric sulphide, CuS, is 
heated with sulphur in a stream of hydrogen. 

SEN. CHEM. 
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The apparatus usually employed for the reduction is 
shown in Fig. 95. A stream of hydrogen dried by being 
passed through the vessel A containing strong sulphuric 
acid is led into a crucible containing the cuprous sulphide 
and sulphur by a porcelain tube which' passes ‘through a 
perforation in the crucible lid (Rose's Crucible). Complete 



of the crucible and contents becomes constant. Cuprous 
sulphide crystallites both in the regular and rhombic sys- 
tem and is isodimorphous with the corresponding sulphide 
of silver, with which it often occurs associated in the 
mineral kingdom. 

Cupric Sulphide, CuS, is the dark-brown precipitate 
obtained when copper salts are precipitated by sulphuretted 
hydrogen. When exposed to air in the moist condition it 
gradually oxidizes to cupric sulphate, and if heated in tho 
dry qondition readily passes into cuprous sulphide. It may 
be completely converted into Cu 3 S by the method described 
in the preceding paragraph. 

476. Haloid Salts. — Copper forms also two series of 
haloid salts, the cuprous, Cu 2 F 2 , CugCLj, etc., and the 
cupric, CuF 9 , CuCl 2 , eto. The latter salts, though in general 
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tolerably stable in solution and obtainable therefrom 'on 
concentration in crystals, are readily decomposed by heat 
and converted into the cuprous form, in which they are 
insoluble in water. The cupric iodide, however, breaks up 
even in tlfe rfioistf condition, and the precipitate obtained 
on adding potassium iodide to solutions of cupric salts 
consists of white cuprous iodide and iodine. Cuprous 
salts give under the same circumstances a pure white pre- 
cipitate of cuprous iodide. 

477. Cuprous Chloride, Cu 2 Cl 2 , is formed by burnyig 
copper in chlorine or by the action of reducing agents 
such as stannous chloride, SnCl 2 , zinc dust or metallic 
copper on cupric chloride. If therefore cupric oxide bo 
dissolved*in concentrated hydrochloric acid, the solution 
when boiled with excess of copper contains cuprous chloride 
which is deposited as a white powder when it is poured 
into a large quantity of water. This, on exposure to air, 
turns green owing to the formation of a baaic chloride. It 
may also bo conveniently prepared by the methcfft de- 
scribed in the following experiment. 

Preparation of Cuprous Chloride. — 

• 

Exp, 222. — To a strong solution of copper sulphate add common 
salt arfd concentrated hydrochloric acid. Boil this solution for 
Romo time with copper turnings. Pour off the liquid from the 
unused copper and ac^d water till a white precipitate is thrown 
down. This is cuprous chloride, which is insoluble in water but 
soluble in a strong solution of HOI. Colleot the precipitate by 
filtration, and wash with water. Press it between filter paper ana 
dry it in a steam oven. • 

The solution of cuprous chloride in ammonia absorbs 
carbon monoxide and is used for determining the amount 
of this gas in certain gaseous mixtures; in presence ol 
acetylene, C 2 H 2 , cuprous acetylide, Cu 2 0 2 , is formed, JFrom 
which pure acetylene may be liberated by treatment with 
acid. Cuprous chloride volatilizes at high temperatuftss 
and its vapour density corresponds to the formula Cu 2 Cl 2 . 

Cupric Chloride, CuCl 2 , is formed when copper or cuprous 
chloride is heated in excess of chlorine. It is a brown de- 
liquescent powder dissolving readily in water with formtf- 
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tion of a green liquid, which changes to blue on further 
dilution. From this liquid greenish-blue crystals (rhombic 
prisms) having the composition CuCl 2 , 2H 3 0 separate out 
on evaporation. Cupric chloride may also be obtained by 
dissolving cupric oxide in hydrochloric acid. * Several oxy- 
chlorides are known, one of which is the product obtained 
by the action of a small quantity of bleaching powder on 
a solution of cupric sulphate; it is used as the pigment 
Brunswick green. „ 

Cuprous Iodide, Cu 2 I 2 . — When potassium iodide solution 
is* added to a cupric salt a precipitate is formed which 
is not, as one would expect, cupric iodide, but cuprous 
iodide. 

Exp. 223. — To a solution of ooppor sulphate add KI -solution till 
no further precipitation occurs. Note that the solution is brown. 
Test this solution with starch. A blue coloration will be obtained 
denoting the presence of free iodine. Filter off the precipitate, 
wash it with water, and then with a little alcohol, which dissolves 
the iodin^. A wfchite crystalline powder remains, whioh is cuprous 
iodide. 

The reaction is expressed by the following equation — 

2 CuS0 4 + 4 KI = Cu 2 I 2 + 2 K 2 S0 4 + I 2 . 

We thus see that half the iodine is liberated in the free 
state. It is obvious that this reaction might be employed 
to estimate copper indirectly, i.c. by first estimating the 
iodine, and it does in fact constitute*' one of the methods 
of estimating copper. The formation of ‘the iodine might 
be prevented by the addition of a ferrous salt or of sul- 
phurous acid. The formation of Cuglj on addition of KI 
to a solution of a copper salt has been employed in the 
separation of the iodide fr&m a mixture of iodide with 
chloride or bromide or both. 

4? 8. Cupric Sulphate, CuS0 4 . — This salt may be obtained 
Vi the form of blue triclinic crystals of the composition 
CuS0 4 .5 H 2 0 by dissolving cupric oxide in sulphuric acid 
and allowing the solution to crystallize. Copper sulphate 
is prepared on a commercial scale from copper pyrites, 
rCuFeSg. By careful roasting the copper is converted 
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into the sulphate and the iron into oxide* On lixiyia- 
tion the copper sulphate goes into solution, from which 
it may be obtained by crystallization. Prepared in this 
way the crystals always contain a small quantity of 
ferrous sulphate; but the presence of the iron salt is 
not objectionable for some purposes for which blue vitriol 
is usually employed. To obtain the pure copper sulphate 
the metal is precipitated by addition of iron and this is 
dissolved in sulphuric acid. By gently heating, the hy- 
drated salt loses water and is converted into anhydrous 
cupric sulphate, a white powder which readily takes up 
moisture from the air and may be used as a desiccatmg 
agent. 

479. Betection and Estimation. — Copper compounds 
give a bluish-green or emerald-green colour to the Bunsen 
flame. Copper compounds are easily reduced on charcoal 
to the metallic condition. They are precipitated by sul- 
phuretted hydrogen as cup Ac sulphide insoluble in dilute 
mineral acids. • 

The methods of estimating copper are numerous. When 
convenient it may be estimated as oxide by first precipi- 
tating as hydrate* and boiling. The method described 
under cuprous sulphide is perhaps the most reliable for 
general purposes. A method, which in some cases is con- 
venient, consists in the deposition of metallic copper either 
by immersion of n*on in the solution or electrolytically. 


QUESTIONS— APPENDIX L 

1. Give the names and formulae of sQine of tho more 

important compounds of copper which occur .native. 
Describe briefly the processes by which the metal is 
extracted. • 

2. How would you prepare both cuprous and cupric oxides 

from metallic copper, and how could you obtain the 
metal from them again P 
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8. How is cupric sulphide obtained? What happens to 
it if it is left exposed to the air in a moist state ? 
How may it be converted into the cuprous com- 
pound ? 

4. Give methods for the preparation of cuprous chloride. 

Compare the behaviour of the two chlorides of 
copper towards water and ammonia respectively. 

5. By what process is copper sulphate obtained on the 

large scale ? What impurity is the commercial pro- 
r duct likely to contain ? How would you propose 
to remove it ? What happens (a) when copper sul- 
phate crystals are heated, ( b ) when the solution of 
the crystals is added to strong hydrochloric acid, 
(c) when ammonium hydroxide is added* to this 
solution ? 



APPENDIX IT. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 

• • 

Toe metric system has been found the most convenient 
for operations in which weighing and measuring jire 
concerned, and it is universally used in scientific work. 

The unit of length in this system is the metre , which is 
equivalent to 39 37 inches. 

The unit of volume is that of a cube whoso side is T ^jy of 
a metre, equivalent to very nearly one-sixteenth of a cubic 
inch, and the unit of weight is the weight of this volume of 
water, the tomperature beiqg that at which wator has its 
maximum density, viz. 4° C. This weight is termed the 
gramme , and is equivalent to 15*432 grains. # 

The prefix kilo indicates the multiple 1,000, thus — 

1 kilogramme 1,000 grammes *= 15,432 grains =* 
about 2*2 lbs. 

The prefixes deci , centi, and milli respectively indicate 
tho fractional parts y^, and xuVa* 

1 decimetre = metre = 3*937 inches. 

1 centimetre = y^- „ 0*3937 „ 

1 millimetre =* two - »> = 0*03937 „ 

One inch is thus slightly more than 25 millimetres. 

1 decigramme = t \y gramme = 1*5432 grains. 

1 centigramme = „ = 0; 15432 „ 

1 milligramme = tqgg » = 0*01 5 432 „ t 

A measure of volume very frequently employed is jfche 
litre , which is the volume occupied by a kilogramme of 
water at 4°*0. ; it is therefore equivalent to a cubic deci- 
metre, or, in English measure, 61*027 cubic inches. 
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TABLES FOR REDUCTION OF MOIST GAS TO STANDARD 
CONDITIONS. * ' 


The volume of a moist gas having been measured at a 
given temperature and pressure it is necessary to first find 
what volume the dry gas would occupy at 0° C. and 760 
mm. pressure. Allowance must be made (see Champs. VIII, 
XIII)— 

(а) for the temperature of the gas (i e . of the room) ; 

(б) for the pressure to wl^ch it is subject (that of the 

r atmosphere at the time of the experiment) ; 

(c) the tension of water-vapour. 


This involves a somewhat complex calculation, and a 
table has therefore been drawn up to enable the student 
to make the correction by using the factor given in the 
table. 

Thus suppose the temperature of the laboratory to be 
10° C. and the atmospheric pressure 740 m.^i. ; the tension 
of aqueous vapour with which the gas is saturated is f(?r 
10° C., 9'1 mm. Now if v is the volume of the moist gas 
as observed, then V the volume of the dry gas at 0° C. and 
760 mm. pressure is given by the expression — 


v x 273 x (740 - 9*1) 
4 283 x 760 


0-928 u. 


To deduce the volume of the dry gas at standard 
temperature and pressure from the observed volume it is 
therefore only necessary to multiply this latter by the factor 
0'928 as taken from the table, and so for any other 
temperature or pressure. 
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^Pressure. 

10*0. 

12 s 0. 

14° 0. 

16” C. 

18” C. 

20’ 0. 

0-915 

0-907 

0-899 

0-891 

0-882 

0-874 

730 mm. 

740 mm. . 

p-928 

0-920 

0-911 

0-903 

0-895 

0-886 

750 mm. 

0-940 

0-932 

0-924 

0-915 

0-907 

0-898 

760 mm. 

0-953 

0-945 

0-936 

0-928 

0-919 

0-910 

770 mm. 

0-966 

0-957 

0-949 

0-940 

0-932 

0-923 


For intermediate temperatures or pressures, the value 
may be expressed with sufficient accuracy by taking |he 
proportional mean; e. g. for 10° C. and 745 mm. we shall 
find 0*934, and for 11° C. and 750 mm. wo shall find 0*936. 

If we desire to know the weight of the hydrogen 
liberated, the following table may be used. Taking the 
weight of a litre of dry hydrogen under standard conditions 
as 0*09 gramme the table gives the weight of hydrogen 
in a litre of the moist gas collected at the tempeniture and 
pressure given. 



10° C. 

• 

12° 0. 

14° C. 

16° C. 

18" 0. 

20* 0. 

Pressure. 

730 mm. 

0*0824 

00816 

0*0809 

0*0802 

0*0794 

0*0787 

740 mm. 

0*0835 

0-0828 

0*0820 

0*0813 

0*0806 

0*0798 

750 mm. 

0*0840* 

0-0839 

0*0832 

0*0824 

0*0816 

0*0808 

760 mm. 

0*0858 

00851 

0*0843 

0*0835 

0*0827 

0*0820 

770 mm. 

0*0869 

0-0861 

0*0854 

• 

0*0846 

0*0839 

0*0831 


An example will make the method of using the table 
quite clear: — 


Thermometer 16° C. 
Barometer 750 mm. 
Observed volume of gas, 120 c.c. 

The factor under 16° 0. and 750 mm. is 0*0824. 

0*0824 x 120 

1/000 


Weight of hydrogen 


000988 gramme. 
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CHEMICAL CALCULATIONS. 


ANSWERS TO NUMERICAL QUESTIONS. 

Chap. xiii. 3. 2 vols. of hydrogen. 

„ 6. 112 grammes of hydrogen. 

88*8 grammes of oxygen. 

„ 9. 1-6P C. 

„ 10. 3-195° C. 

„ 12. 41*3 grammes. 1 - 

„ 13. 1000 cal., 33 cal., 63600 cal. 

* „ - 16. 19-95, 127*5. 

, 17. Standard pressure (a) 449*75 c.c. 

(5) 225-25 c.c. 

76 mm. pressure (a) 44*975 c.c. 

(b) 22*525 c.c. 

3 at. pressure (a) 1349*25 c.c. 

(i b ) 675*75 c.c. 

„ 18. 44 975 c.c. of fX) 2 and 19 475 c.c. of 0 2 . 

Chap. xvi* 6. ©19’6. 

„ c 7. Nitrogen 78-49 per cent. 

Argon 0 - 68 ,, 

Oxygen 2083 „ 

, loooo" 

„ 8. 22-97. ““ 

Chap. xix. 2. 5C$0 c.c. 

Chap. xx. 21. Disodium hydrogen phbsphate. xSTaJIP0 4 . 

88*75 grammes. * 

Chap. xxi. 2. 4399 tons. 

„ 22. 0*57 per ceiffc. 

„ 23. 1146*7 c.c. 

„ 24. 30 c.c. 20 c.c: 

„ 25. 60 c.c. of oxygen. 

„ 26. 85 c.c. 

55 c.c. of oxygen ; 20 c.c. of carbon 
« dioxide ; 10 c.c. of water vapour. 

Chap. xxii. 13. 8550 c.c., 2020 c.c. 

Chap. xxiv. 2. 118 5. 7. 108. 

„ 5. 3. 8. 197 5. 
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ANSWERS TO CHEMICAL CALCULATIONS IN 
CHAPTER XXXUL 


1. 91°. 

2. 293 : 253. 

3. 50c.c.,90'9^.c.,140'9c.c. 

4. 2090 c.c.,418 c.c., 1045 

c.c., 38 c.c. 

5. 441 c.c. 

6. 129-7 c.c. 

7. 488 ^mi. 

8. 273° C. 

9. 3,947 atmospheres. 

0. 0,888 atmospheres. 

.1. 571-4 c.c. 

2. 1522 grains; 65 7 c.c. 

13. 73-9 c.c. ; 1 80 4 grams. 

14. Ca = 40 per egnt. 

C = 12 

0 =48 „ 

44 per cent. 

15. II = 7'44 per cent. 

. Cl = 33 02 

O = 59-54 

16. FeSj. 

17. Fe 3 0 4 . 

18. Na 6 P 4 0 13 . 

19. 465*7 grams. 

20. 81*8 c.c. 

21. 4*86 grams. 

22. 17*91 litres. 

23. 2*45 grams. 

24. 72 litres ; 142*6 grams. 


25. Oxygen, 23; Oxygen,20*7. 
Nitrogen, 77 ; Nitrogen, 

793. 

26. Hydrogen, 11 1. 

Oxygen, 88*9. 

27. 4*6*22 litres. 

28. (a) N - 7*5 c.c. 

H = 22*5 c.c. 

O = 40 0 c.c. 

( b ) N = 7*5 c.c. 

O = 28*75 c.c. 

*29. Oxygen z= 3* c.c. 

Carbon dioxide =* 16*36 
c.c. 

30. Oxygen = 0*37 c.c. 

Carbon dioi ide ~ 163*6 
c.c. 

81* 3*534 ^>er cent. 

32. 61*023; 28 317. 

33. 42*1 per cent. 

9 0*157 litre. 

34. 180 c.c. ; 140 c.c. 

35. 14*18 grams. 

36. 100 c.c. ; 0*072 gram. 

37. 29 per cent. % 

38. 252*0 kilograms. 

39. Nitrogen, 79*00 per cSnt. 

Oxygen, 18*88 „ 

Carbon | 0 , 10 

dioxide, } ” 
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Absolute temperature, 73 
• M zero, 73 
Acetylene, 312 

Acid, definition of the term, 130 

historical sketch of the tonn, 

” * 129 

reaction, 34 
„ salts 131 
Acidic oxides, 47, 120 
Acids, action of metals on, 46, 46, 1 111 
and bases, interaction of, 48- 
” 60, 131 , 46^ 

„ , basicify of, 47, 132 
fJ , formation from non-metals, 47 
, properties of, 45 

.Active constituent of air, isolation of 
the, 16 

Addition compounds, 179, 312 
Air, action of heated metals on, 14 
„ , action of phosphorus on, 15 
’ , carbon dioxide in. 211 
, changes effected byf 10-15 
fJ , composition of, 13-16, 208 
» . impurities in, 210 
is a mixture, 213 

, , relation of animal and plant 
life to, 212 . I 

to obtain the active constituent 
of, 17 

„ , water vapour in, 210 
Alkali metals, as a group, 412 
Alkalies, 47-60, 132 • 

n •, action on metals, 111, 472 
Alkaline reaction, 34 
AIM-waste, 390 
A 1 l ntropic forms of carbon, 299 
„ „ „ oxygen, 126 

„ ,, phosphorus, 281 

;; :: >^.^7 

Allotropy, 126 


Amalgams, 431 
Ammonia, composition of, 221 
,, , liquefaction of, 220 

,, , occurrence of, 216 

n , preparation of, 217 

, properties of^217 
„ soda process, 390-393 
,, , tests for, 224 

Ammonium, 408 

}J carbamate, 411 

,, carbonate, 411 

„ chloride. 219, 409 

,, , hydroxide, 219, 409 

,, , nitrate, 411 

salts, 219 

„ sulphate, 219, 220 

Amorphous carbon, 300 

„ ‘phosphorus, 282 

„ substances, 24 

„ sulphur, 248 

Analysis, 43 

Analytical method of examination of 
matter, 43 
Anglesite, 441 * 

Anhydrides, 107 
Anhydrite, 414, 419 
Anion, 365 
Anode, 364 
Anthracene, 306 
Anthracite, 298 
Apatite, 279, 414, 420 
Aqua regia, 231 

Aqueous vapour, pressure of, 149 
Argon, 216 
Arragonite, 414, 420 
Atmosphere, composition of the, 13- 
15, 208 

Atomic Theory of Dalton, 94 

„ weight and specific heat, 
358-362 


608 
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Atomic weights, 95 

„ , , | deduction of ac- 

. curato, 35G 

,, ,, , determination of, 

355-362 

,, „ , table of, 103 

Atoms, 94/97 * 

Avogadro’s hypothesis, 96 


Barilla, 388 

Base, ddinition # of a, 131 
Bases and acids*, interaction of, 48- 
60, 131 , 4G9 

,, , interaction of two, 471 
,, , properties of, 49, 60, 131 
Basic oxides, 60, 1 21 

,, ,, and acidic oxides, union 

of, 469 

,, salts* 134 
Basicity of acids, 132 
Batswing flame, 331 
Belgian process, 422 
Benzene, 306 

Benzine, 319 # 

Benzoline, 319 
Bessemer process, 456 
Bicarbonates, distinction from normal 
carbonates, 346 
Binary compounds, 106 
“Black-ash,” 389 # 

Black -band ironstone, 451 
Blastfurnace, chemical changes in, 
463 

,, ,, , description of, 452 

Bleaching action of chl<jrine, 179 
,, „ of snlpluir dioxido, 

9 260 

■ ,, powder, 416 

Blowpipe flame, 332 
Blue vitriol, 274 

Boiling-point of water and other 
liquids, 150, 151 • 

Bone black, 303 
Borax, 387 
Boyle’s Law, 74 
Bromides, 201 
Bromine, 173, 180 
Bnnsen name, 331 


Calcite, 414, 420 
Calcium carbide, 421 
„ carbonate, 420 


Calcium chloride, 416 * 

,, , comparison with zinc,' 425 

„ , hydride, 416 

,, hydroxide, 416 
„ , metal, 414 

,, , nitride, 414 

„ , occurrence, 414 

„ oxide, 415 
,, phosphates, 420 
,, sulphate, 419 
OlcuM’oiid, chemical, 474 
Calomel, 436 
Calorie, 147 
Calx, 14 

Candle flaine, 327 
Carbon, allotropic forms of, 299 
,, , amorphous, 300 
,, , comparison with silicon, 

etc., 296 

„ , occurrence of, 296 
„ , oxideB of, 337 
,, , proof of the identity of the 

allotropic modifications, 
304 

,, , reducing power of, 302 

Carbon bisulpliide, 31^ 

Carbon dioxide — • 

composition of, 341 
formation of, 56-68 
liquid, 344 

measurement of the mass evolved 
from one gramme of dialk, 78 
measurement of the volume evolved 
from one gramme of chalk, 75 
occurrence of, 312 
preparanon of, 65, 342 
properties of, 56, 343 
solid, 341 

Carbon dioxide in air, detennination 
of, 211 

Carbon disulphide, 347 
Carbon monoxide — 
composition of, 341 
occurrence of, 337 
preparation of, 337 
properties bf, 346 
Carbonates, 345 
Carbonic acid, 67, 316 
Carre’s apparatus, 220 < 

Cast iron, production of, *152 
Catalysis, 115 
Cell, electrolytic, 363 
Cerussite, 441 

Chalk, action of beat on, 65 



510 


INDEX. 


Chaljc, determination of the com- 
position of, 04 
Chalybeate waters, 155 
Charcoal, animal, 303 

,, , manufacture of, 301 

,, , preparation of, 300, 303 

,, , properties of, 301 

„ , reducing action of, 302 

,, , result of burning, 11,20,67 

Charles’ Law, 72 
Chomical calculations, 474 

„ change, nature of, 4-8 
,, ,, , types of, 136 

,, combination, 17 

compound, definition of, 62 
,, equation, definition of, 99 

,, equivalent, definition of, 00 

equivalents, 85-94 
,, ,, , methods of de- 

termining, 
90-93 

,, ,, of compounds, 

93 

,, formulae, 99 

,, nomenclature, 106 

,, symbols, 98* 

Chemist^, organic, 298 
Chili saltpetre, 386 
Chlorapatito, 279 
Chlorides, 197 

Chlorine, action oil hydrogen com- 
pounds, 177 

,, , action on organic sub- 

stances, 179 

,, , action on sal^ of bro- 

mine, 182 

„ , action on salts of iodine, 

185 

,, , action on sulphurous acid, 

179 

,, , action on water, 178 

,, , bleaching action of, 179 
,, , chemical properties of, 

174, 177 

,, , combination .with hydro- 

* gen, 177 

„ , combination with other 

elements, 178 

* , disinfecting properties of, 

180 


n 


« 


, inactivity of dry, 179 
, liquid, 180 
, occurrence of, 176 
, oxidising action of, 179 


Chlorine, physical properties of ,173, 
177 

,, , preparation of, 176 
Chlorine hydrate, 180 
Cinnabar, 433, 435 
Clark's process for spfteuing water, 
159 

,, ironstone, 461, 452 
Cleaning oil, 319 
Coal, action of heat on, 314 
,, , brown, 297 
,, , composition*of, 298 
„ , formation of, 297 
Coal gas, 315 

„ ,, , composition of, 31 7 

,, ,, , manufacture of, 315 

Coal tar, 317 
Coke, 304, 317 

Combining weights of the elements, 
90 * 

Combustible body, 333 
Combustion, 118, 324 

„ , definition of, 333 

„ , heat of, 334 

t „ , slow, 119 

,, . supporter of, 118, 333 

Common salt, 381 

Compound, chemical, definition of, 
62 

,, radicle, 219 
Compounds •and mixtures, distinc- 
tion between, 62, 63, 67 
Condy’s fluid, 407 ' 

Conservation of matter, 60 
Constant proportion, law of, experi- 
mental stufty, 62-07 
Constant proportion, law of, state- 
ment of, 67 

Constitution of gases, diagrammatic 
representation of the, 97 
Corrosive sublimate, 436 
Copper, 491 502 
Crystalline carbon, 299, 300 
,, phosphorus, 281, 282 
„ sulphur, 247 
Crystallisation, experimental study 
of, 23 

,, , fractional, 400 

Crystals, 23 
“ Cubic nitre,” 386 
Cupellation, 443 % 


Dalton’s Atomic Theory, 91 
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Dalton’s Law of Partial Pressures, 
153 

Davy Lamp, 32G . 

Decomposition , double, 138 
,, , simple, 137 

Density, absolute, 112 

,, ’of air, determination ol, 
80 

,, ,, carbon dioxide, determi- 

nation of, 80 
» „ gases, 79 

,, „ , relative, 79, 80 

,, ,, oxygen, determination of, 

81 

Desiccator, 9 

Desilvensing of lead, 430, 443 
Diamond, 299 
Diffusion of gases, 82-84 
Direct combination, 136 
Dissociation 409 

,, of ammonium chloiido, 

409 

„ of calcium carbonate, 

420, 421 

,, of nitrogen peroxide, • 

236, 237 

Distillation, 26 
Double decomposition, 138 
,, salts, 369 
Drinking water, 166 
Dulong and Petit’s Law ^35 8- 362 
Dumas and Stas’ experiments on the 
composition of water, 144 


Efflorescence, 161 • 

Electric current, production of, 41 
Electro-coppering, 5/3 
Electro-deposition, 372 
Electrodes, 42 
Electro-gilding, 372 
Eloctrolysis, 363 

,, , definition of, 363 « 

,, , Faraday’s Laws of, 370 

,, in general, 365 

,, of alkalies, 367 

,, of copper sulphate, 363 

„ of hydrochloric acid, 

367 

,, of salt solutions, 368 

,, of water, 365 

Electrolytic celf, 363 
Electrometallurgy, 373 
Electro-nickeling, 372 


Electro-silvering, 372 * 

Electrotyping, 373 
Elements and compounds, 17 
„ , list of, 103 

Empirical formula, 482 
Equation, how to work out an, 262 
Equations, chemical, 99 
Equivalent, relation to atomic 
weight, 355, 356 
Equivalents, chemical, 85-94 

,, , determination of, 90 

93 

,, of compounds, 93 
Ethylene, 310 
Eudiometer, 43 


Faraday’s Laws of Electrolysis, 379 
Ferric chloride, 463 
,, hydroxide, 460 
,, nitrate, 465 
,, oxido, 460 
,, sulphate, 464 
Ferrous ammonium sulphate, 404 
,, carbon ate, 465^ 

,, chloride, 462 
,, hydroxide, 459 
,, nitrate, 465 
oxide, 459 
,, sulphate, 461 

,, sulphido, 461 

Filtration, 24 
Flame, 324 

,, , halving, 331 
,, , Bunsen, 331 

,, , candle, 327 
,, , gas, 328 

,, , luminosity of, 329 
JHarnes, oxidising and reducing, 33 3 
F]ash point, 325 
Flowers of sulphur, 246 
Fluorapatito, 279 
Fluorine, properties of, 173, 174 
Fluorspar, 414 
Fogs, 215 # 

Formula of a substanco, detci muni- 
tion of, 481 

Formulao, chemical, 99 
,, , empirical, 482 

,, , molecular, -483 

Fractional crystallisation, 400 
Freezing mixtures, 149 
Fuols, heating value of, 335 
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Fulminating silver, 431 
Fuming sulphuric arid, 267 
Fusible white precipitate, 437 


Galena, 245 441 
Gas flame, 328 
„ liquor, 315-316 
„ , moist, table for reduction to 
standard conditions, 497 
,, , natural, 320 
,, , oil, 321 

Gas-carbon, 304, 317 
Gasoous diffusion, law of, 84 
Gases, density of, 79 
,, , diagrammatic representation 
of the combination of, 97 
,, , diffusion of, 82-84 
„ , effect of pressure on the 
volume of, 74, 477 
„ , effect of temperature on the 
volume of, 72, 476 
,, , law of combination by volume, 
96 

,, , liquefaction of, 74 
,, , molecular weight of, relation 
to density, 360 

,, , relation between weight and 
volume of, 474 

,, , relative density of, 79, 80 
,, , solubility of, 162 
,, . solution of mixed, 153 
Gasoline, 319 
Gay-Lussac’ s Law, 95 
“ Generator gas,” 340 
Graham’s Law, 84 
Graphite, 300 
Green vitriol, 274 
Gunpowder, 29, 406 
Gypsum, 414, 419 


Haematite, 461 
Halogen acids, tests for, 204 

„ „ , tests for salts of, 204 

Halogens, compounds with hydrogen, 
188 

„ „ it phosphorus, 

292 

,, , properties of, 173, 114 

Hardness of water, 167 
Heat, latent, 148 
„ of combustion, 334 
, , specific, 147 


Heat, unit quantity of, 147 
Helium, 216 
Henry’s Law, 162 
Horn silver, 429, 431 
Hydrates, 162 
Hydrides, 113 
Hydriodic acid, 202 
Hydrobromic acid, 199 
Hydrocarbons, 306 
Hydrochloric acid, aqueous, 196 
Hydrochloric acid — 
impurities in commercial, 198 
manufacture »£, 198 
occurrence of, 188 
tests for, 204 
uses of, 198 

Hydrofluoric acid, 174, 188 
Hydrogen, bnrniug of, 37 

,, , combination with chlor- 

ine, 177 

,, , conditions Under which 

it combines with oxy- 
gen, 112 

„ , laboratory preparation of 

pure, 111 

,, , occurrence of, 109 

,, , preparation of, 36, 109 

,, , properties of, 37, 112 

Hydrogen bromide, 199 
Hydrogen chloiide, action on metal- 
lic oxides, 191 
Hydrogen chloride — 
composition of, 191 
liquid, 195 
preparation of, 188 
properties of, 189 
Hydrogen fluoride, 188 
„ iodide, 202 
Hydrogen peroxide — 
composition of, 168 
preparation of, 164 
properties of, 165 
oxidising action of, 166 
reducing action of, 166 
Hydroxides, 162 
Hydroxyl group, 162 
Hypophosphonc acid, 284 
Hypophosphorous acid, 284 
“ Hyposulphite of soda,” 276 


Ignition point { 325 
Inactive constituent of air, 16 
Incandescence, 324 
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Influence of pressure on the solu- 
bility of gases, 152 
Infusible white precipitate, 437 
Interaction of a base with a salt of 
a more volatile base, 470 
Interaction of a, base with a Balt of 
an insoluble base, 470 
Interaction of a metal with a salt of 
another metal, 400 
Interaction of an acid with a salt of 
a more volatilo acid, 470 
Interaction of base# and acids, 48- 
50, 131, 469 

Interaction of metals and acids, 45, 
40, 408 

Interaction of metals and bases, 
172 

,, ,, two bases, 471 

,, ,, two salts, 471 

lodme, acti<A of sulphur dioxide on, 
203 

,, , action on othor elements, 

181 

,, , chemical properties of, 174, 
181 

,, , displacement of, from its 

salts, 185 

,, , physical properties of, 173, 

181 

>. , preparation of, 183 

,, , “ starch test*' foi® 1S5 

,, , uses of, 180 

Ions, 3FA 

lion, action of acids on, 458 
,, alums, 405 

,, and stoel, composition of, 
456 # 

, tm , carbonyl, 311 
, metallurgy of, 451-456 
,, occurrence, 451 
m . properties of, 457 
,, , pure, 458 

,, pyrites, 215, 151, 461 4 

,, uses of, -15 i 

,, , wroight, 436, 457, 453 


Kathion, 305 
Kathode, 301 
Kelp, 396 
Kerosene, 320 
Krypton, 216 


Lamp-black, 8 )4 
Latent heat of fusion of ice, 148 
, f ,, of substances other than 
water, 149 

,, ,, of vaporisation of water, 

118 

Law of constant (or definite) propor- 
tion, 62-67 

,, „ multiple proportion, 67-70 
,, ,, parti.) 1 pressures, Dalton’s, 
153 

Load, action of water on, 413 
„ , alloys of, 411 
,, bromide, 41/ 

,, carbonates, 418 
„ chloride, 416 
,, , cupellation of, 413 
,, , desilvoiising of, 430, 413 
,, dioxide, 445 
,, hydroxide, '145 
„ iodide, 447 
,, , metallurgy of, 411 
,, monoxide, 441 
,, nitrate, 417 
,, , occurrence, 441 
,, peioxido, #45 j 
„ , properties, 443 
,, sesquioxide, 415 
,, , softening of, 412 
,, sulphate, 417 
,, sulphido, 416 
,, tetracotato, 419 
tetrachloride, 417 
Leukine process, 388 
Lignite, 297* 

1 agroin, 3Ly 
Limouite, 451 
Liquefaction of gases, 74 
Liquids, boiling point of, 160, 151 
• „ , mixing of, 30 

Litmus, 31 
Lixiviation, 399 
Lubricating oil, 320 
Luminosity of flame, 329 


Magnetic oxide of iron, 460 * 
Marcasite, 451 
Marsh gas, 307 
Mercuric chloride, 436 
„ iodide, 43 7 
,, nitrate, 438 
,, oxide, 435 
„ sulphate, 438 

LI 
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Mercuric sulphide, 435 
Mercurous chloride, 436 
,, iodide, 437 

,, nitrato, 438 

„ oxide, 436 

,, sulphato, 438 

Mercury, comparison with silver, 438 
,, , extraction, 433 
,, , occurrence, 433 
,, , properties, 434 

Metalloids, 63 
Metals — 

action on acids, 45, 46, 111, 468 
,, ,, steam, 31-30, 110 

„ water, 33-30, 109 
characteristic properties of, 61 
distinction from non-metals, 60-63 
uansmutalion of, 2, 3 
Metals and acids, interaction of, 45, 
40, 1 LI, 370 

,, ,, bases, interaction of, 472 

,, ,, non-metals, direct union 

of, 467 

Metaphosphatcs, 202 
Metaphosphoric acid, 291 

Methaip, 807 

Metric system, 496 
Microcosmic salt, 290, 386 
Mineral acids, 61 
Minium, 4-16 
Mixing «f liquids, 30 
Mixtures and compounds, distinc- 
tion between, 60, 67 
Mixtures, separation of, 29, 61 
,, , properties of, (61 

Molecular formulae, 483 
,, weight, 99 

,, ,, determination, 

350-366 

,, ,, of gases, relate 

to density, 360 

Molecule, 96 
Mortar, 416 

Multiple proportion, law of, experi- 
mental study, 67-69 
Multiple proportion, law of, state- 
ment of, 69 
Mpscovite, 396 


Naphthalene, 306 
Nascent state, 127 
Natural gas, 820 
* „ oil, 819 


Natural waters, 164 

,, wators, composition of, 166 
Nature of chemical change, 4-8 
Negative pole, 42 
Neon, 2L6 

Ncssler’s solution, 437 . 

Neutral reaction, 3i 
Nickel carbonyl, 3tl 
Nitrates, 231 
Nitre, 404 

Nitric acid, action on metals, 228 
,, ,, , occurrence of, 226 

,, >, > picparatiou of, 227 

, ,, , properties of, 227 

,, , u.ses of, 233 

Nitric oxide, 239 
Nitrites, 23 1 
Nitrogen, 206 

,, pcnloxido, 235 

,, peroxide, 235 

,, totroxide, 236 

,, tri oxide, 238 

Nitrous at id, 233 
,, oxide, 2U 
. “Noble*’ metals, 231 
Nomenclature, 106 
Non-metals, characteristic proper- 
ties of, 61, 52 

Nordhausen, sulphuric acid, 266 
Normal salts, 134 


Oil, gas, 321 
,, of turpentine, 306 
,, of vitriol, 274 
, ; shale, 820 
Oils, mineral, 3J9 
Olefiant gas, 310 
Olefines, 307 
Organic chemistry, 298 
Orthoclaso, 396 
Orthophosphoric acid, 2S8 
•Oxidation, 40, 120 
Oxides, 17 

,, , acidic, 47, 120 
,, , basic, 50. 121 
,, , classes of. 120 
,, , compounds with water. 47, 
49, 162 

„ contain oxygen, proof that. 
122 

,, , reduction bi hydrogen, 40 
,, , which are both acidic and 
basic, 121 
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Oxides of carbon, 337 
,, ,, nitrogen, 226 

,, ,, phosphorus, 2S4 

,, ,, sulphur, 258 

Oxidising agents, 120 
,, flame* 332 . 

Ox y acids of nitrogen, 220 
,, ,, phosphorus, 284 

,, sulphur, 258 

Oxygen, manufacture, of, 117 
,, , occurrence of, 114 

,, , preparation, 17, 114 

,, , preparation from nitric 

acul, 228 

,, , properties of, 10, 118 

Ozone, 123 


“Pan-gas,” 3S8 
Paraffin oi$ 320 
,, wax, 320 
Paraffins, 300 
Passive state, 231 
Pattinsou process, 413 
Pearlash, 31)6 • 

Peat, 207 
Pentane, 306 

Percentage composition, calculation 
of, 479 

Pormanont hardness, 169 


Teruxides, 122 • 

Petrol, 319 
Petroleum, 298, 319 
,, other, 319 
Phosphates, 289 
Phosphine, 283 • 

Phosphonium iodi^p, 283, 281 
Phosphoric acid, 288 
Phosphorous acid, 286 
Phosphorous oxide, 285 
Phosphorus, compounds with the 
halogens, 292 

,, , hydrides of, 282 • 

n , manufacture of, 279 

M , occurrence of, 279 

h r properties of, 281 

,, , red, 281 

, scarlet, 282 

Phosphorus pentachloride, 293 
,, pontoxide, 287 

,, trichloride, 292 

,, trihydride, 283 

Physical and chemical change, 4-8 
n properties of matter, 8 


Physical state, influence' of pressure 
and temperature on, *7 
Pig-iron, production of, 452-455 
,, ,, , varieties of, 456, 456 
Plaster of Pans, 419 
Plastic sulphur, 2*1*8 
Point of ignition, 325 
Poles, positive and negative, 42, 43 
Potashes, 396 
Potassium Lromide, 400 
,, carbonates, *106 

,, chlorate, 402 

,, chloride, 399 

,, hydride, 398 

,, hydrogen sulphate, 404 

,, hydroxide, 399 • 

,, hypochlorite, 402 

,, Iodide, 401 

,, , metal, 396 

,, nitrate, 40t 

,, , occurrence, 396 

, , oxides, 398 

perchlorate, 403 
,, permanganate, 406 

,, , properties of, 398 

,, sulphate, 4^3 

Pressure, effect on the volume of a 
gas, 73, 477 

,, of aquoous vapour, correc- 
tion for, 141 
“ Pioducur gas,” 3t0 


Quicklime, 415 


Radicle, compound, 219 
Rain water, 154 
Red lead, 415 

Reducing agents, 4L, 113, 120 
,, flame, 332 
Reduction, 40, 120 

,, of lead oxide by charcoal, 
11 

„ ,, metallic oxides by hy- 

drogen, 40 

Relative density of gases, 79, 80 
Replacement of the hydrogen of 
acids by metals, 130 
Replacement, simple, 137 • 

Reversible actions, 263 
River water, 154 
“ Roaster- gas,” 388 
Ruby silver ore, 429 
Rusting of iron, 12 
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Salt, definition of the term, 130 
Salt-cake, 383 
Salt-petre. 404 
Salts, acia, 131 
,, , basic, 134 
,, , double, 369 
,, , formation of, 40, 48-50 
,, , interaction of two, 471 
,, , nature of, 46, 48-50 
,, , normal, 134 
Saturated compounds, 312 
,, solution, 22. 151 
Scientific inquiry, metliod of, 1 
Sea water, 156 
Selenite, 419 
Shale oil, 320 
Silesian process, 423 
Silver bromide, 432 
,, carbonate, 433 
„ chloride, 431 

,, , comparison with mercury, 438 
,, , extraction, 429 
,, ,, from lead, 430, 443 

,, glance, 429, 431 
,, hydroxide, 431 
,, iodide^32 « 

,, nitrate, 432 
,, , occurrence, 429 
,, oxides, 431 

, properties of, 430 
, , sulphates, 432 
, , sulphide, 431 
Sketching of apparatus, 145 
Slaked lime, 415 
Soda-ash, 890, 393 r 
Soda crystals, 393 
Sodium bicarbonate, 394 

,, carbonate, manufacture of, 
388-393 

,, „ properties, 393 

,, chloride, 381 

,, dioxide, 378 

,, , extraction, 375-377 
„ hydride, 378 

,, hydroxide, 379-381 

,, hypochlorite, 882 

,, monoxide, 378 

„ nitrate, 886 

„*•' , occurrence, 376 
,, oxides, 378 

,, peroxide, 378 

,, phosphates, 386 

,, , properties, 3 77 
, pyroborate, 387 


Sodium silicate, 387 

,, sulphates, 383, 384 
,, sulphites, *383 
,, thiosulphate, 384 
Softening of water, 168 
Solids, solubility in prater, 161 
Solubility curves, 26 

,, of gases in water, 152 

,, ,, solids in water, 151 

Solute, 22 

Solution of gases, 30 

,, „ liquid?, 30 

,, „ mixed gases, 15$ 

,, ,, solids, 22-29 

Solvents oilier than water, 28 
Spathic iron ore, 451, 465 
Specific heat, 147 
Spiegeleisen, 456 
Spring water, 155 
Stalactites and stalagmites, 420 
“ Starch test” for iodine, 185 
Stas’ (and Dumas’) experiments on 
the composition of water, 144 
Steam, volumetric composition of, 
t 142 

Steel, production of, 456 
,, , properties of, 457 
Substitution, 179, 309 

,, products, 179, 309 
Suint, 396 
Sulphates, 974 
Sulphides, 251 
Sulphion, 361 
Sulphites, 265 

Sulphur, allotropic modifications of, 
947 

, colloidal 249 

,, , combination with other ele- 

ments, 250 

, , , extraction of, 245 

,, , llowers of, 24,6 

,, , identity of the allotropic 

• modifications of, 2-19 

,, , occurrence of, 246 

,, , octahedral, 217 

,, , oxides of, 258 

,, , oxyacids of, 258 

„ , physical changes on heat- 

ing, 247 

,, , plastic, 248 

,, , prismatic, 247 

, , , uses of, 260 

,, , white amorphous, 248 

,, , yellow amorphous, 248 
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Sulphur dioxide, action on iodine, 
263 

,, „ , Bleaching action 

of, 260 

,, ,, , composition of, 264 

Tt I, ^preparation of, 259 

,, ,, , properties of, 260 

,, ,, , reducing action of, 

260 

„ trioxide, 266 
Sulphuretted hydrogon, 251, 256 
Sulphuric acid, 'action ou metals, 
273 

,, ,, , fuming, 267 

,, ,, , laboratory repre- 

sentation of the 
manufacture of, 
269 

,, „ , manufacture of , 267 

,, 7, manufacture, theoiy 

of, 270 

,, ,, , Nordhausen, 266 

m m> properties of, 271 

,, ,, , uses of, 275 

Sulphurous acid, 47, 266 
Superphosphate of lime, 120 
Supporter of combustion, 118, 333 
Sylvine, 396 
Symbols, chemical, 98 
Synthesis, 13 

Temperature, effect on the volume 
of a gas, 71, 476 
“Tempering” of steel, 457 
Temporary hardne&s, 15i? 
Thiocarbonic ac'ul, M7 
Thiosulphates, 276 
Thiosulphuric acid, 276 
Transmutation, apparent, of metals, 
2,3 


(Jnsaturated compounds, 312 


Valencies, Table of, 106 
Valency, 103-106 

Vapour density by Dumas’ method, 
351 

,, ,, # Victor Meyer’s 

method, 353 

Vaseline, 320 
Vermilion, 435 


Vitriols, 271 
Voltaic battery, 41 
cell, 41 

Volume of a gas, effect of pressure 
on the, 73, 477 

Volume of a gas, effect of tempera- 
ture on the, 71, 476 
Volume of gases with relation to 
weight, 474 

,, t< liquids with relation to 
weight, 478 

,, ,, solids with relation to 

weight, 479 


Water, action of heat on, 109, 146 
, action of metals on, 33-36, 
L,)9 

, action on compounds con- 
taining chlorine, 163 
, action on metallic oxides, 49 
, boiling-point of, 160 
•chalybeate, 165 
, chemical properties of, 160 
, Clark’s nrocess for softening, 
159 # . 

, composition by volume, 
- 41-43, 139 

, composition by weight, 64, 
144 

, composition of, 36 • 

, compounds with oxides, 162 
, decomposition by heat, 109 
, decomposition by metals, 
3»36, 109 

, decomposition by the electric 
current, 41-43 
, distilled, 23 
, drinking, 15G 
, evaporation of, 149 
, formation by burning hydro- 
gen, 38 

, formation by the action 
of hydrogen on metallic 
oxid<£, ‘40 

, hardness of, 167 • 

, latent heat of vaporisation 
of, 148 • 

of crystallisation, 23, 160 
, physical properties of, 146 
, rain, 154 
, river, 154 
, sea, 155 
, soft, 1^ 
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Water, solvent properties of, 22, 30, 
151 

,, , specific heat of, 147 
,, , spring, 155 

,, , tests for, 163 

,, vapour m air, 210 
11 Water-gas,” 310 
Waters, mineral, 155 
,, , natural, 151 

Weight of gases, relation -o voiiimo, 

171 

„ ,, liquids, relation to vol- 

ume, 478 

,, ,, solids, relation to volume, 

* 470 

“White lead,”' 4-13 j 

Wood, action of heat on. 318 I 

,, , dried, composition id, 2 97 ' 


Wood gas, 318 
„ tar, 319 

Xenon, 216 

Zinc, alloys of, 424 
„ blende, 245, 421, 424 
,, carbonate, 425 
,, chloride, 425 

,, , comparison with calcium, 425 
,, , extraction, 421 
,, hydroxide, 424 
,, , occurrence, 421 
„ oxide, 12 1 
,, , properties. 423 
,, sulphate, 425 
,, sulphide, 424 
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